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Description 

The present invention relates to an optical 
multi-analyte biosensor system employing the prin- 
ciple of internal reflection of polarized light for use 
in biological, biochemical and chemical analysis 
and in particular for detecting a specific molecule, 
for example antigens. The detection method used 
in the biosensor system may be based on the 
evanescent wave phenomenon at total internal re- 
flection, such as surface plasmon resonance 
(SPR), critical angle refractometry, total internal re- 
flection fluorescence (TIRF), total internal reflection 
phosphorescence, total internal reflection light scat- 
tering, and evanescent wave ellipsometry. Further- 
more, the detection method may be based on 
Brewster angle reflectometry. This optical biosen- 
sor system is one of generally the type as set forth 
in the preamble of the attached claim 1 . 

The main advantage of the internal reflection 
based techniques is that the sensitivity region for 
the specific substance is restricted to the extension 
length of an evanescent wave, i.e. the depth of an 
electromagnetic wave penetrating into the liquid 
medium from the sensing surface side. Conse- 
quently, there will be a minimum of influence on 
the response connected to specifically bound an- 
alyte molecules from non-bound sample molecules. 
Moreover, the penetration depth of the evanescent 
wave for a totally reflected ray of light depends on 
the angle of incidence for the ray. For a com- 
prehensive treatment of the concept of internal 
reflection it is referred to Mirabella and Harrick, 
Internal Reflection Spectroscopy, Harrick Scientific 
Corporation, N.Y. 1985. 

The optical response induced by either the 
primary evanescent wave, or by a secondary eva- 
nescent wave excited in turn by said primary eva- 
nescent wave, may be measured as changes in the 
reflectance or in the state of polarization of the 
incident light wave upon reflection, or as the flu- 
orescence or phosphorescence or light scatter of 
radiation, as a result of a specific substance inter- 
action with a sensing layer at the sensing surface. 

The optical response related to the specific 
substance may be measured as the reflected inten- 
sity as a function of angle of incidence of p- 
polarized light, being applicable for surface plas- 
mon resonance, Brewster angle reflectometry, and 
critical-angle refractometry, in that the angle of 
minimum reflectance is determined and related to 
a refractive index and surface concentration of the 
bound substance at the sensing surface. 

As regards a detection using surface plasmon 
resonance, this will be treated in more detail 
hereinafter. 

Internal multiple-angle Brewster angle reflec- 
tometry, based on rotating optical means and a 



rotating prism for the variation of incident angle, 
has been shown to provide information to char- 
acterize the adsorption of proteins on a silica 
prism/solution interface; see Schaaf, P. et al. Lang- 

5 muir, 3, 1131-11 35 (1 987). 

Critical-angle refractometry has so far been 
used mainly to measure the concentration or den- 
sity of solutions in process streams. 

In a detection employing evanescent wave el- 

10 lipsometry, the optical response related to the spe- 
cific substance is measured as changes in the 
state of polarization of elliptically polarized light 
upon reflection, in that this state of polarization is 
related to a refractive index, thickness, and surface 

75 concentration of bound sample at the sensing sur- 
face. Multiple-angle evanescent wave ellipsometry, 
in the form of using rotating optical means and a 
rotating prism for the variation of incident angle, 
and a phase-modulated ellipsometer, has been 

20 used for studying the polymer (polystyrene) con- 
centration profile near a prism/liquid interface; see 
Kim, M.W., Macromolecules, 22, (1989) 2682-2685. 
Furthermore, total internal reflection ellipsometry in 
the form of stationary optical means at a single 

25 angle of incidence has been suggested for quan- 
tification of immunological reactions; see EP-A1-0 
067 921 (1981), and EP-A1-0 278 577 (1988). 

By a detection employing evanescent wave 
excitation fluorescence through an angle of inci- 

30 dence dependent TIRF, the intensity and 
wavelength of the radiation emitted from the either 
natively fluorescent or fluorescence labeled sample 
molecules within the sensing layer is measured. 
Total internal reflection fluorescence (TIRF) was 

35 suggested for a immunoassay already in 1974, in 
that a separate antigencoated quartz slide was 
brought into optical contact to a quartz prism via a 
drop of index-matching solution and by using a 
Teflon O-ring sealed plexiglas cell, Kronick, M.M. 

40 et al., J. Immunol. Meth., 8, (1975) 235-240. Now- 
adays total internal reflection fluorescence is an 
established technique to examine interactions of 
macromolecules with solid surfaces, the surface 
being generally one side of the coupling prism; see 

45 Lok. B.K. et al., J. Colloid Interf. Sci., SM, (1983) 87- 
103. Furthermore, variable-angle total internal re- 
flection fluorescence has been used to study ad- 
sorbed protein concentration profiles at a prism 
surface; see Reichert, W.M. et al., Applied Spec- 

50 troscopy, 3. (1987) 503-508. 

In a detection employing evanescent wave ex- 
citation scattered light, through an angle of in- 
cidence dependent evanescent wave penetration 
depth, the intensity of the radiation scattered within 

55 the sensing layer due to its interaction with the 
specific substance is measured. Scattered total in- 
ternal reflectance (STIR) has been suggested for 
utilization in immunoassays, in that in a preferred 
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embodiment colloidal gold is used as a label for 
the solution phase immunologically active compo- 
nent; see EP-A2-0 254 430 (1987). 

As regards the use of surface plasmon reso- 
nance (SPR), in somewhat simplified terms SPR 
may be said to be a technique according to which 
changes in the refractive index of a layer close to a 
thin free-electron metal film are detected by way of 
consequential changes in the intensity of a p-po- 
larized light beam reflected from the metal film 
(see for example Raether H, Physics of Thin Films, 
Academic Press, N.Y., 9 (1977) 145. 

In the first publication indicating the possibili- 
ties of SPR technology in biochemical analysis, 
Liedberg B et al., Sensors and Actuators, 4 (1983) 
299 have at first adsorbed a monolayer of IgG to a 
silver surface and then adsorbed to said monolayer 
a layer of anti-IgG, in order to then study the effect 
in respect of the resultant change in the resonance 
angle. EP 202 021 describes a biosensor employ- 
ing movable optical instrumentation for determining 
the angle - henceforth called resonance angle - at 
which surface plasmon resonance occurs. Such 
movable optical units are not suitable for commer- 
cial-type instruments because (i) when readings of 
the resonance angle are to be taken this will re- 
quire manual operations, and (ii) technical manu- 
facturing tolerances in the suspension mechanism 
of the movable optical system are contributory to 
errors occurring in the measurements of the reso- 
nance angle. EP 257 955 describes another optical 
system which is scanned mechanically for deter- 
mining the resonance angle. GB 2 197 068 de- 
scribes an optical sensor employing a divergent 
beam of rays for irradiating the sensitized surface, 
this latter being a metal , film with receptors or 
ligands which interact selectively with one or more 
biomolecules. The optical system is stationary, so 
the abovementioned drawbacks of movable optical 
systems are avoided. 

A source of light is employed for irradiating a 
sensitized surface which is subjected to the action 
of a sample solution while another source of light is 
employed for irradiating another sensitized surface 
which is subjected to the action of a reference 
solution. The light sources and sensitized surfaces 
are arranged in such a way that the reflected 
divergent beams will strike a photodetector matrix. 
By means of alternate activations of each one of 
the two light sources the resonance angle obtained 
from each of the two sensitized surfaces can be 
measured with a good degree of precision, and the 
difference between the two resonance angles at 
each of the two sensitized surfaces will be a mea- 
sure of the amount of the specific biomolecule 
bound on the sensitive layer. The disadvantage of 
this apparatus resides in the use of two individual 
sources of light - one for the reference solution, 



one for the sample solution - as this will tend to 
make the measuring result uncertain in view of the 
fact that the resonance angle is highly dependent 
on the spectral character of the light source. An- 

5 other drawback of this known optical sensor re- 
sides in the positioning thereof directly on the 
prism of the optical system, and in having light 
directed to the sensitized surface via an immersion 
oil that has a suitable refractive index. Such a use 

w of light-coupling oils will involve much practical 
inconvenience when the sensor unit, comprising a 
sensitized metal layer coated on a transparent 
plate, is to be replaced by a new sensor unit with a 
sensing surface having an affinity for a different 

75 specific biomolecule. The replacement operations 
will inevitably give rise to oil smears, and the prism 
has to be cleaned before a new sensing surface 
can be analyzed. Manipulation of the instrument 
will thus be a somewhat messy business. As to the 

20 actual structure of the analytical instrument, this is 
not disclosed in the aforesaid GB patent specifica- 
tion. 

EP 226 470 describes an apparatus for micro- 
chemical analyses comprising two glass plates with 

25 a gel placed between them. The apparatus is one 
of the disposable type, to be used only once. One 
of the two glass plates serves as a platform on 
which the sample liquid is applied. Capillary force 
will then draw the sample liquid into the capillary 

30 cell that has been formed between the plates. A 
device of this type, the dimensions of which are 
about 3x1 .5 cm, requires the use of tweezers or the 
like for handling. It is difficult to determine the 
volume of the liquid sample, and this device is 

35 therefore unsuitable for quantitative analyses. 

EP-A1-0 305 109 (published after the priority 
date claimed in the present application) describes 
a SPR sensor system employing a focused (fan- 
shaped) light beam to illuminate the sensitive sur- 

40 face through a curved transparent block and via an 
index matching fluid. The beam enters the trans- 
parent block in a direction orthogonal to the tan- 
gent of the surface of the transparent block. 

As was published by Kretschmann, E. p Optics 

45 Communications, 26, (1978) 41-44, the problem of 
slow speed of operation relative to changes in 
reflectance and the insufficient precision in the 
resonance angle determination related with SPR 
procedures based on moveable mechanics, is 

50 solved by the use of a fan-shaped beam (equiv- 
alent to several beams incident upon the sensor 
surface over a range of angles) and of collection of 
the reflected beams (over a range of angles) by an 
array of angularly spaced detectors. 

55 Furthermore, the transparent block described in 

EP-A1-0 305 109 may take the form of a hem icy I in- 
der creating a wedge-shaped beam, giving a line of 
a small illuminated area on the sensing surface. 
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The hemicylindrical lens has the advantage that it 
can be used to perform several tests simultaneous- 
ly on a single sample. To this end, the sensing 
surface takes the form of a series of sensitive 
areas, each comprising a different antibody, with 
* each separate area being monitored by its own 
detector in a detector array. The cylindrical focus- 
ing principle used to produce an identical angular 
range of light beams along a focused line for SPR 
of separate surface areas has been published by 
Benner, R.E. et al. Optics Communications 30 - 
(1979) 145-149, and Swalen, JD et al. Am. J. Phys. 
48(1980) 669-672. 

Further, a focusing lens in EP-A1-0 305 109 
creates a substantially parallel-sided beam incident 
upon the detector, or a beam of at least of reduced 
divergence compared to the fan-shaped spread of 
light reflected from the sensing surface with the 
object to reduce stray light reflections in the detec- 
tor array. The disadvantages of this apparatus re- 
side primarily in the following: The approach to use 
a small illuminated area in relation to the sensitive 
layer for sensing, in order to reduce effects due to 
inevitable variations in a commercially produced 
metal film and coating of antibody. In fact, the 
surface concentration of bound sample molecules 
will in general also be non-uniform across the sen- 
sitive layer and strongly dependent on mass trans- 
port conditions. Thus, the small sensing area will 
be very sensitive to local variations of the sensing 
surface and its sample surface concentration result- 
ing in a non-competitively low accuracy in the SPR 
response. Due to stray light arising from the cou- 
pling optics and at reflection in the sensor surface, 
it is possible to use the described optical system 
for monitoring beams from separate sensitive areas 
simultaneously by its own detector in an array only 
under the condition that the array can be conve- 
niently placed close to the exit surface of the 
hemicylinder or attached to or deposited on that 
surface. This leads to limitations in the resolution of 
individual sensitive areas on the detector array, 
expensive optoelectronic constructions, complicat- 
ed production process (detector alignment, optimiz- 
ation of collected angle span etc.). The use of an 
optical oil or grease is required to ensure good 
optical coupling between the hemisphere and the 
sensor substrate (glass support plate or slide). 

The approach of a disposable hemicylinder as 
optional technical solution for the change of sensor 
surface is unpractical due to the high costs of an 
adequate optical quality of this component and the 
critical optical alignment relative the light source. 

As regard the use of internal reflection proce- 
dures, most of the publications that have come 
forth up to now thus describe laboratory equipment 
for singular determination of a specific substance at 
a time. Such equipments, however, are not suitable 



as practical commercial instruments; they are too 
complex and cumbersome in their construction for 
sample and liquid handling, detection, and evalu- 
ation, and the analysis procedures take quite a long 

5 time and moreover require highly skilled operators 
in order to obtain accurate results. 

By the present invention a new analytical sys- 
tem is provided for at least one specifically sensing 
surface comprising the simultaneous detection of a 

w plurality of specific interactions, in that it is adapt- 
able for detection techniques based on cylindrically 
focused total internal reflection and internal Brew- 
ster angle reflectometry. 

Thus, in one embodiment of the present inven- 

75 tion, means for employing internal multiple-angle 
Brewster angle reflectometry on an exchangeable 
sensing surface for a new analytical system by use 
of a stationary optical system is provided. 

By another embodiment of the present inven- 

20 tion, means for employing multiple-angle evanes- 
cent ellipsometry on an exchangeable sensing sur- 
face is provided for a new analytical system by use 
of a stationary optical system. 

In another embodiment of the present inven- 

25 tion, a new analytical system is provided enabling 
variable-angle total internal reflection fluorescence 
on an exchangeable sensing surface by use of a 
stationary optical system. 

In a still further embodiment of the present 

30 invention a new analytical system is provided en- 
abling variable-angle scattered total internal reflec- 
tance (STIR) on an exchangeable sensing surface 
by use of a stationary optical system. 

According to a preferred embodiment the 

35 present biosensor system uses a new mean-value 
procedure, utilizing an anamorphic lens system, for 
the detected reflectrometric, emitted or scattered 
light due to a specific interaction at a sensing 
surface that is optimized relative to the flow cell 

40 geometry, permitting inherently accurate and highly 
sensitive results to be obtained. 

Furthermore, in a preferred embodiment the 
present invention provides a biosensor analytical 
system that eliminates the drawbacks related with 

45 more or less stationary sensing surfaces, generally 
being coated on expensive prisms or wave guides, 
by introducing a separate sensor unit that is semi- 
automatical ly exchangeable in the instrument. Such 
a sensor unit having at least two sensing surfaces, 

so as well as a method for its functional ization, is the 
object of our copending PCT-application entitled 
"Sensor unit and its use in biosensor systems" 
(based upon Swedish patent application No. 
8804074-6), the disclosure of which is incorporated 

55 by reference herein. 

Moreover, the present biosensor system pro- 
vides in a preferred embodiment thereof an auto- 
mated integrated liquid handling block, micro-pro- 
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cessor controlled valves therein, preferably mem- 
brane valves, enabling complex liquid handling 
tasks comprising specific sequences of addition of 
various ligands, macromolecules, and reactants for 
interaction at the sensing unit. 

The biosensor system of the present invention 
enables new applications related to the field of 
characterizing biomolecuies to be performed, e.g. 
as disclosed in our copending PCT-application en- 
titled "A method of characterizing macromole- 
cules" (based upon Swedish patent application No. 
8902043-2), the disclosure of which is incorporated 
by reference herein; as well as in our aforesaid 
copending PCT-application entitled "Sensor unit 
and its use in biosensor systems". Such new ap- 
plications made possible by the present invention 
comprise: 

- qualitative as well as quantitative specific de- 
termination of at least one biomolecule in a 
sample either simultaneously or sequentially, 

- qualitative as well as quantitative structural 
information of macromolecules through the 
detection of interactions between surface-ex- 
posed structural elements on the macromole- 
cule and various ligands, 

- functional/structural information of macro- 
molecules, 

- kinetic information about molecular interac- 
tions, 

- specific functionalization of at least one sens- 
ing surface on the sensor unit, 

- regeneration or changing of the specific func- 
tionalization of at least one sensing surface 
on the sensor unit. 

In accordance with the above the optical 
biosensor system of this invention comprises at 
least one, but preferably a number of sensing sur- 
faces or areas arranged in side-by-side relationship 
for being exposed to sample liquid passing over 
them. These sensing surfaces are analyzed by the 
above mentioned optical techniques based on a 
single source of light so that due to the use of one 
identical set of wavelengths for all the sensing 
surfaces it is now possible to obtain a calibration, 
reference and evaluation process of such high ana- 
lytical performance that this biosensor system be- 
comes commercially useful. The system is also 
such that the sample liquid can be made to sweep 
over the sensing surfaces all at the same time or in 
a sequence. Measurement is to take place under 
controlled temperature conditions. At the time when 
the measurement is being performed the tempera- 
ture at all the sensing surfaces is to be the same 
and is to be kept constant during the measuring 
operation. 

The sensing surface or surfaces of the sensor 
unit will lend themselves readily and simply to 
functionalization individually, for selective interac- 



tion with the desired biomolecuies; that is, it will be 
easy to bestow different affinity properties on these 
sensing surfaces. 

The provision, in accordance with the above 

5 mentioned preferred embodiment, of a block unit 
for liquid handling using automated microproces- 
sor-controlled sample insertion and sample guiding 
valves will permit precise and reproducible disper- 
sion of the sample zone and accurately determined 

10 amounts and flow rates of sample solutions, 
reagent solutions or reference solutions. 

The advantages of an integrated conduits liquid 
handling system situated in a permanent rigid and 
planar structure has been described by Ruzicka 

75 (Ruzicka, J., Analytical Chemistry, 55, 1041A 
(1983)). Hence, the rigidity of such a structure and 
the possibility to integrate and control sample in- 
jection ensures repeatability of dispersion of the 
sample zone. Further, the small dimensions of the 

20 micro-conduits reduces sample reagent consump- 
tion to the microliter level. Furthermore, the versa- 
tile combination of engraved grooves as conduits 
within laminated parallel layers, interconnected by 
perpendicular channels, provides the means for 

25 integrating a number of highly controlled solution 
handling tasks. The technical limit on possible 
miniaturisation of such flow injection analysis sys- 
tems has, however, been the availability of detec- 
tors suitable for sub-microliter detector volumes. 

30 The present invention comprises in one particular 
embodiment thereof a multi-analytical system en- 
abling a detector volume of and below 60 nanoliter. 

Thus the liquid handling block unit of the 
present biosensor system contains conduits or 

35 channels having one or more portions which when 
the measuring operation is to be performed are 
pressed against the sensor unit to thus form one or 
more flow cells, the arrangement being such that 
these flow cells can either be coupled in series or 

40 be made to receive each its own sample solution 
separately. A flow cell may contain a single sens- 
ing surface or alternatively a plurality of sensing 
surfaces; in this latter case, the sensing surfaces lie 
in a row in the longitudinal flow direction of the flow 

45 cell. The block unit for liquid handling is to be 
employed both when the sensing surfaces on the 
sensor unit are being functionalized and when ana- 
lysis is carried out. 

Furthermore, the optical biosensor system ac- 

50 cording to this invention provides for a stationary 
optical instrumentation, without any movable parts. 
Thereby the optical system may already in the 
course of its manufacture in the factory be given a 
fixed, "once for all" standard setting so that this 

55 setting does not need to be altered during the 
subsequent use of the system. In view of this fixed 
setting it is possible to have the optical system 
mounted inside a dust-and light-tight housing. 
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Moreover no smeary oils need to be employed for 
coupling the light to the replaceable sensor unit. 
Instead a replaceable opto-interface may be used 
for coupling light from the light source to the sen- 
sor unit. Such an opto-interface is disclosed in our 
copending PCT-application entitled "Optical inter- 
face means", the disclosure of which is incor- 
porated by reference herein. 

As mentioned above the measurement accu- 
racy may be still further increased by establishing 
an optical and, respectively, electronic mean value 
procedure as will be described in detail below; this 
is so because the establishment of such mean 
values will permit an accurate determination of the 
quantitative or relative amount of specific biomole- 
cules that have adhered to the individual sensing 
surfaces. 

With the features mentioned above, an optical 
biosensor-based analytical system is obtained that 
permits fast automated high-precision measure- 
ments of extremely low concentrations, nanomolar 
and even down to picomolar, and with a high 
response dynamics. In, for example, the SPR 
biosensor system the resonance angle may be 
measured over a wide range of angles. 

The invention will now be described in greater 
detail below, with reference to the attached draw- 
ings in which 

Fig. 1 is a schematic exploded view of an op- 
tical biosensor system according to the present 
invention, 

Fig. 1A is a partial cross-sectional view of Fig. 1 

showing a valve in its open position, and 

Fig. 1B is a corresponding view showing the 

valve in its closed condition, 

Fig. 2 is a perspective view of the central part of 

the biosensor system, 

Fig. 3 is a cross-sectional view of a sensor unit, 
Fig. 4 is a top view of an irradiated sensor unit, 
Fig. 5 is a perspective view of a carrier plate for 
the sensor unit, 

Fig. 6 is a plan view of an opto-interface, 
Fig. 7 is a sectional view of the opto-interface 
mechanically coupled to the sensor unit. 
Fig. 8 is a schematic perspective view of the 
refractive characteristics of the anamorphic lens 
system, showing the creation of an optical mean 
value of the mass of biomolecules bound to the 
sensing surface, as seen along the width of the 
streak of light, this being achieved in that light 
rays in the plane P reflected at a certain specific 
angle irrespective of the point of reflection on 
the sensitized surface are imaged on a row of 
detector elements, and how in the plane S light 
rays from an individual sensing surface are im- 
aged on a column of detector elements, 
Fig. 9 is a schematic plan view in the S plane of 
the incident collimated beam of light, showing 



the creation of an electronic mean value of the 
mass of biomolecules bound to the sensing sur- 
face, as seen in the longitudinal direction of the 
beam of light, 

5 Fig. 10 is a schematic perspective view of the 

flow cell, illustrating the flow conditions therein 
and the creation of an integrated optical mean 
value of the mass of bound biomolecules, 
Fig. 11, top, shows a meridian section of the 

10 light source, a coupling prism and the anamor- 
phic imaging system, and the first and second 
lens means; while at the bottom Fig. 11 shows a 
sagittal view of the same items, 
Fig. 12 is a perspective view of a carrier and 

75 sensor unit in relation to a block unit for liquid 
handling, 

Fig. 13 shows a plan view of the underside of 
the base plate in the Fig. 1 block unit for liquid 
handling, 

20 Figs. 14A and 14B taken together show a plan 
view of the base plate according to another 
embodiment of a block unit for liquid handling, 
Fig. 15 schematically shows the functions of the 
block unit for liquid handling according to Figs. 
25 1 4A and 1 4B, and 

Fig. 16 shows another embodiment of a flow cell 
in longitudinal or parallel mode in relation to 
light streak 5. 
Fig. 1 shows the main components of the op- 
30 tical biosensor system according to this invention, 
in the form of an exploded view. The system com- 
prises a source of light 1, first lens means 2 for 
directing a transversely extending convergent 
beam 3 toward a prism 4 whereby the beam is 
35 focused in the bottom surface of the prism to thus 
form a streak 5 of light. Rays of light reflected from 
the sensitized surfaces are imaged via an anamor- 
phic lens system 6 on a two-dimensional 
photodetector device 7. The electric signals cre- 
40 ated by the photodetectors are processed in an 
evaluation device 8 in the form of a computer. By 
means of the prism and an opto-interface 9 light 
from streak 5 is directed to a sensor unit 10 which 
is to lie in contact with a number of parallel, upwar- 
ds dly open portions 11A-D of flow channels 14A to 
14D respectively; only one of these, 14A, is shown. 
The flow channels form part of a block unit 15 for 
liquid handling, this unit being provided with sche- 
matically indicated inlet connection means 16 and 
so 96 and outlet connection means 1 01 and 92. 

Fig. 2 is a perspective view of the analytical 
apparatus, generally designated 18, which is the 
heart of the optical sensor system according to the 
invention. The apparatus comprises a support 19 
55 on which the block unit 15 for liquid handling is 
mounted in a fixed position, and furthermore com- 
prises a housing 20 in which the light source 1, the 
first lens means 2, the prism 4, the imaging optical 
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unit 6 and the photodetector device 7 are accom- 
modated in fixed positions. An aperture 21 in the 
bottom portion of the housing is to be covered by 
the opto-interface 9 which is retained in its desired 
position by means of two guide pins 22, 23. The 
housing 20 is hinged to the support by means of a 
system of articulated arms 24, 25 pivotal I y attached 
to the housing and to the support respectively. The 
block unit 15 for liquid handling carries a number 
of holder means 26 for the sensor unit in its carrier 
plate. As shown in detail in Fig. 12 the holder 
means are L-shaped angle pieces on top of the 
upper face of the block unit for liquid handling, thus 
forming guide means enabling the sensor unit to 
be slid over said block unit. A thermostat means, 
not shown in Fig. 2, surrounds prism 4. This ther- 
mostat means consists of channels for liquid in a 
heat exchanger block which maintains the metal 
frame around aperture 21 at a constant tempera- 
ture. A similar thermostat means 27 placed be- 
tween the block unit for liquid handling and the 
support is to maintain the liquids in the channeling 
system of said block unit at the same constant 
temperature as that stated above. The photodetec- 
tor device is accommodated on a printed circuit 
card 28 mounted in a fixed position at one of the 
end faces of the housing 20. Guide pins 22, 23 are 
received in openings 29, 30 provided in the block 
unit for liquid handling. A transverse beam member 

31 extending between the arms 24, 25 carries a 
projecting peg 32 for rotating the housing 20 back 
and forth between two positions, viz., an analysis 
position and a loading position. These will be de- 
scribed later in greater detail. An electric motor 33 
which is attached to the support has an output 
shaft carrying a disk 34 excentrically, and the peg 

32 is in contact with the periphery of that disk 34. 
By activation of the electric motor so that the 
excentrically mounted disk 34 rotates through a 
predetermined angle the housing is automatically 
swung into and out of these analysis and loading 
positions without any manual operation. A flat cable 
35, shown schematically, goes from the printed 
circuit card 28 to the evaluation device 8. 

Fig. 3 shows the sensor unit in cross section. 
In our copending Swedish patent application en- 
titled "Sensor unit and its use in biosensor sys- 
tems" this sensor unit is described in greater de- 
tail. The sensor unit comprises a transparent plate 
36 of glass, plastics or other transparent material. 
On one of its faces the plate is provided with a 
metal film 37 that has been applied by e.g. sputter- 
ing. A dielectric film 38 is attached to the metal 
film. In the preferred embodiment of the invention, 
the dielectric film is a layer of dextran bound to the 
metal film. By means of a coupling technique such 
as is known in biotechnology, ligands are bound to 
the dextran film which serve to interact with spe- 



cific biomolecules present in the sample solution. 
For attaching the ligands the sensor unit with its 
metal film and the dextran layer thereon is con- 
tacted sealingly with the upwardly open portions 

5 11A-D of all the flow channels 14A-D. By pumping 
a solution containing a specific ligand L1 into one 
of the channels. 14A, another specific ligand L2 
into the second channel, 14B, a third specific 
ligand L3 into the third channel, 14C etc.. a cor- 

10 responding number of sensing surfaces may be 
produced on a single metal film with each its own 
individual affinity for a (respective) specific 
biomolecule. The ligands may for example be 
bifunctional or polyfunctional molecules having one 

75 active portion consisting of antidextran and another 
portion consisting of an antigen to the antibody that 
is to be detected. Thanks to this manner of func- 
tionalization, the optical biosensor system of the 
invention may be tailored individually by the user 

20 so as to be rendered useful for detection of just 
those biomolecules in which he is interested. This 
functionalization will permit inter alia qualitative 
analyses. The functionalized sensor unit is intro- 
duced into the analytical apparatus or functionaliz- 

25 ed in situ, whereupon the analysis is carried out. 
When the analysis operation has been finished the 
sensor unit is regenerated in that the sensing sur- 
faces are "washed" with a solution that will disrupt 
the coupling between the ligands and the dextran 

30 film 38. 

Fig. 4 is a top view of the sensor unit 10 of Fig. 
3. The sensor unit has been placed on top of the 
upwardly open portions 11A-D, and the streak 5 of 
light arriving from lens system 2 of light source 1 

35 irradiates the reverse side of metal film 37. As will 
be seen from the above description regarding the 
activation of dextran film 38, sensing surfaces 39A- 
D are formed each corresponding to the length of 
the open portions 11A-D (provided the sensor unit 

40 is attached to the liquid handling block unit with the 
same orientation both in the analysis phase and in 
the sensitation phase). Light streak 5 extends trans- 
versely over the sensing surfaces 39A-D and has a 
width at least equal to the length of portions 11A-D. 

45 In Fig. 4, the metal surface 37 is presented on 

a magnified scale. In actual practice the metal 
surface will be a square of say an order of mag- 
nitude of about 10x10 mm, the dimensions of the 
transparent plate then being somewhat larger, e.g. 

so 11x11 mm. Such a construct is difficult to handle 
without tweezers or other seizing means. But such 
procedures involving the use of seizing tools are 
undesirable because they tend to thwart high-preci- 
sion measurement. What is proposed instead, ac- 

55 cording to the present invention, is that each sen- 
sor unit is mounted on a carrier plate which can 
easily be seized between forefinger and thumb. A 
plan view of the carrier plate is shown in Fig. 5; the 
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plate comprises an elongated sheet of plastic 42 
with a grip area 43. An opening 44 through the 
carrier plate has a flange 45 on which the sensor 
unit will be resting. Clasps 46 projecting laterally 
from the flange surface serve to retain the sensor 
unit between the flange and clasps. The sheet 42 
has two guide holes 47, 48 through which the 
guide pins 22, 23 will pass in the analysis position 
of the apparatus. When the apparatus is in its 
loading position the guide pins are retracted both 
from said guide holes 47, 48 and from the open- 
ings 29, 30. the carrier plate being now free to be 
slid into its position on the block unit for liquid 
handling or, respectively, to be drawn off there- 
from. 

Sheet 42 also has control springs 49 for (i) 
facilitating introduction of the sensor unit into the 
liquid handling block unit and (ii) protecting the 
sensor unit from damage or e.g. scratches in case 
the carrier plate is unintentionally set down on a 
table or the like. It is recommendable to accom- 
modate the carrier plate and its sensor unit in a 
housing which comprises top and bottom walls, two 
side walls and one end wall. The interior faces of 
the top and bottom walls are provided with pairs of 
opposite ledges extending longitudinally of the 
housing. They serve to maintain a clearance space 
between the carrier plate and the top and bottom 
walls. 

Fig. 6 shows a plan view of an opto-interface 
plate according to the present invention. The plate 
is fastened on a metal frame which has two projec- 
ting tongues 55, 56, said tongues being provided 
with one hole each, these holes 53, 54 extending 
all through the thickness of the tongues and serv- 
ing to receive the guide pins 22, 23. The frame has 
two flanges 51, 52 against which a transparent 
place 57 of glass or plastic has been applied. On 
one of its faces plate 57 is provided with a number 
of longitudinally extending parallel ridges 58 in 
side-by-side relationship. On its opposite face the 
plate has a corresponding number of parallel lon- 
gitudinal ridges 59 lying opposite the ridges of the 
first-named plate face. The ridges are made of a 
transparent elastic material and spaced apart a 
distance corresponding to that between the upwar- 
dly open portions 11A-D of the flow channels. As 
will be seen more clearly from Fig. 7 the ridges 58, 

59 have longitudinally extending stepped portions 

60 at each side to thus form a structure having in 
cross section the configuration of a flight of stairs, 
the uppermost step or top platform of each of 
these stepped structures being capable of being 
pressed resiliently against the transparent plate 36 
of the sensor unit and, respectively, the prism 4. 
This stepped configuration prevents air pockets 
from being formed between the interfaces contig- 
uous to the prism and, respectively, plate 36 of the 



sensor unit. Fig. 7 shows the prism 4, the opto- 
interface plate and the sensor unit in the analysis 
position of the analytical apparatus 18. Ridges 58, 
59 are spaced apart in such a manner that the 

5 distances between them correspond to the dis- 
tances between the upwardly open portions 11A-D 
of the flow channels 14A-D. 

This arrangement of the ridges 58, 59 on the 
opto-interface plate, the holes 53, 54 for the guide 

w pins 22, 23, the holes 47, 48 on the carrier plate 42 
of the sensor unit and the stationary mounting of 
the upwardly open portions 11A-D of the block unit 
for liquid handling ensure that the lower ridges 59 
will serve as sources of light which lie directly 

75 above each of the corresponding channel portions 
11A-D. No scattered light from neighboring ridges 
59 will interfere with the resonance angle deter- 
mination for the individual sensing surfaces. In this 
manner it is possible to have a great number of 

20 these channel portions packed next to one another. 
As an example, it may be mentioned that up to 20 
of such upwardly open channel portions can be 
packed together within a breadth of about 10 mm 
without any scattered light interfering with the mea- 

25 suring operation. 

Figs. 8-11 illustrate the optical system in the 
analytic apparatus according to the invention. The 
basic principle of the anamorphic lens system 6 is 
shown in Fig. 8. The broad beam of light which is 

30 wedge-shaped or convergent strikes the illustrated 
sensitized surface, e.g. at sensing surface 39, at 
angles of incidence of from 62 to 78 degrees. Rays 
with all the intermediate (between 62 and 78*) 
angles of incidence are present in the beam. Con- 

35 sider only one incident plane P. All the rays in- 
cident with for example an angle of 62* are in- 
dicated by white arrows, are reflected on the sensi- 
tized surface and will be imaged on only one single 
photodetector 61 A by the anamorphic lens system. 

40 Similarly, ail the rays incident with an angle of 78 • 
and indicated by black arrows will be imaged by 
the anamorphic lens system on one single 
photodetector 61 G of the photodetector device 7. 
Light rays having incident angle values intermedi- 
ns ate between 62 and 78 degrees will similarly strike 
those photodetectors which are situated between 
detectors 61 A and 61 G in the same photodetector 
column; in Fig. 8 this is conceived as being a 
vertical column. 

50 Light source 1, e.g. a light emitting diode, 

emits a type of light that is substantially monoch- 
romatic in character (±30 nm), and furthermore is 
incoherent and has a center wavelength of an order 
of magnitude of about 650 to about 850 nm. The 

55 light passes through the first lens means 2 for 
forming a wedge-shaped convergent elongated 
beam which passes through a plane polarizer 63 
indicated schematically in Fig. 11 and then on 
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toward the bottom face of prism 4. In that bottom 
face and on the underside of metal film 37 a streak 
of light is formed having a width which is adjust- 
able by means of a cylindrical lens 64. The optical 
imaging system comprises the anamorphic lens 
system 6 the function of which has been described 
above. It contains inter alia a lens 66 for adjusting 
the degree of magnification of the resonance angle 
range along photodetector columns. 

Light rays having a different plane of incidence 
parallel to the plane of incidence P will in a similar 
way be imaged on individual photodetectors be- 
longing to other columns of the two-dimensional 
photodetector device. Every photodetector of a row 
thus corresponds to one specific angle of inci- 
dence. As against this, conditions are different in 
the case of the reflected light obtained from light 
that is reflected in an S plane, i.e. in planes differ- 
ing from the plane of incidence P of the convergent 
beam. Such light will image a point on the sensi- 
tized surface as a real image element on detector 
pixel 61 D. Thus to each detector column corre- 
sponds a respective part of the sensing surface as 
seen in the transverse direction of the conduit 
portion. Depending on the width of the channel, the 
surface dimensions of the individual photodetec- 
tors, and the spaces between them, a particular 
number of photodetector columns may be required 
for imaging the total width of the channel portion in 
question. In a preferred embodiment of the inven- 
tion a reduced scale image of a large portion of the 
flow ceil width is created on one single column of 
detectors. 

Upon this introductory description of the an- 
amorphic lens system will now follow a description 
of the mass uptake on a sensing surface, e.g. 
sensing surface 39 D (see Fig. 9). The rate of flow 
is zero at the side walls of the channel, and then 
increases toward the center of the channel. The 
flow profile is shown schematically at 70 where 
arrow lengths correspond to the flow rates occur- 
ring. The channel width is assumed to be about 
300 urn. In order to avoid measuring results be- 
coming distorted by the outer channel regions 
where no sample liquid is flowing the anamorphic 
lens system is arranged so as to produce an image 
of only a narrow portion, say of an order of mag- 
nitude of 50 % or more of the width of the sensing 
surface, on a single column of photodetectors; e.g. 
a 150 urn central portion of a sensitized surface 
whose total width is 300 urn is imaged on a col- 
umn pixel 61 D having a width of 90 urn. This will 
electronically produce a mean value of the mass 
uptake within this central part of the sensing sur- 
face. Without such a creation of a mean value of 
the amount of bound biomolecule as seen in the 
transverse direction of the channel it would not be 
possible to obtain such a high degree of reproduc- 



ibility of the response curve of any given sample 
concentration of the biomolecule as is required in a 
commercial-type analytical instrument - except per- 
haps by putting unreal istically high demands on 

5 high reproducibility and control of (i) flow profile in 
the sample liquid (thickness variation of diffusion 
layer transversely of the channel), (ii) analysis posi- 
tion of the instrument for optical units 2, 6 relatively 
to the position of the flow channel, (iii) homoge- 

jo neousness in respect of ligand density and in re- 
spect of ligand accessibility within the dielectric 
film on the sensing surfaces. 

Fig. 10 illustrates the flow conditions prevailing 
in the channel portion below the sensing surface. 

75 The flow rate profile of the sample liquid is illus- 
trated by means of arrows of different lengths. In 
the 90 • bending region of the flow channel a large 
amount of biomolecules may bind to the sensing 
surface. Reference numeral 75 designates the dis- 

20 tribution of the amount of bound biomolecule. The 
amount thus bound decreases downstream of the 
inlet. It will be appreciated that if the resonance 
angle were to be determined on the basis of only 
one section, indicated by arrows 76, this would 

25 result in one particular value being obtained, while 
if the resonance angle were determined on the 
basis of the section indicated by arrows 77 this 
would result in another value therefor being ob- 
tained. In order to make sure that a reliable mean 

30 value of the resonance angle is obtained the width 
of light streak 5 is made to agree, according to the 
invention, with the length of the upwardly open 
channel portion. In this manner all the contributions 
from the amount of bound biomolecule will be 

35 included when the mean value of the resonance 
angle is being determined. An optically created 
mean value is thus obtained, as seen in the direc- 
tion transversely of the path of the light beam. 

Without such creating of a mean value of the 

40 amount of bound biomolecule as seen in the lon- 
gitudinal direction of the channel it would not be 
possible to obtain such reproducibility of the re- 
sponse curve of any given sample concentration of 
the biomolecule, within a concentration range of 

45 interest for analysis purposes, as is required in a 
commercial-type analytical instrument - except per- 
haps by putting unrealistically high demands on 
high reproducibility and control of (i) flow profile in 
the sample liquid in the longitudinal direction of the 

50 channel (thickness variation of diffusion layer in the 
direction of flow), (ii) sample dispersion in the di- 
rection of flow, (iii) homogeneousness in respect of 
ligand density and in respect of ligand accessibility 
within the dielectric film on the sensing surface, 

55 and (iv) the position of the focused light streak 
along the channel. With the creation of these mean 
values, it is possible to eliminate such deterioration 
of reproducibility as will otherwise occur due to 
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variations in the position of the streak of light 
caused by variation in the thickness of the sensor 
plate. Maximum analytical sensitivity in the curve of 
response vs. concentration, and a minimum sample 
concentration for the detection, are obtained for a 
light streak width and thus mean value creation 
covering the sensing surface at the riser duct that 
opens out into the flow cell, but with a reduced 
detectable maximum sample concentration. 

The width of light streak 5 is adjustable by 
means of a cylindrical lens 64 which is shown in 
Fig. 11. Alternatively, light source 1 and lens 
means 2 are moved mutually fixed along the op- 
tical axis. Fig. 11 illustrates the anamorphic optical 
system in the form of both a meridian section, 
uppermost part of the Figure, and a sagittal sec- 
tion, lowermost part of the Figure. 

The block unit for liquid handling will now be 
described. 

Fig. 1 shows a flow channel 14A belonging to 
the upwardly open portion 11 A. The flow channels 
14B-D belonging to the respective upwardly open 
portions 1 1 B-D have not been shown here, for the 
sake of clarity. A first layer 80 of sealing elastomer 
material, e.g. silicone rubber, has a number of cuts 
or slits extending therethrough, corresponding to 
the upwardly open portions 11A-D. The layer has 
been cast onto a plateau 81 which is integral with a 
base plate 82. This plate is preferably a solid 
member made of e.g. plastic, metal, ceramics, sili- 
con. A second layer 83 (Fig. 1A) of elastomer 
material, for example silicone rubber, has been 
applied by e.g. casting to the underside of base 
plate 82. This layer 83 is provided with a system of 
flow channels formed by casting. A third layer 84, 
preferably of the same material as layer 83, has 
been cast onto a support plate 85 of solid material, 
preferably the same as that of base plate 82. 

It will now be understood that when in the 
analysis position of the analytical apparatus the 
sensor unit 10 is pressed against layer 80 by the 
opto-interface 9 the upwardly open portions 11A-D 
in layer 80 will be sealed in liquid-tight relationship 
against the sensor unit 10 and form four flow cells. 
For the sake of simplicity, these flow cells too are 
designated 11A-D. 

There now follows a description of the principle 
according to which a liquid sample is made to pass 
through flow cell 11 A: By means of a pump (not 
shown) sample liquid is pumped to inlet tube 16, 
passes through an inlet channel 87 past an open 
valve 88 and then goes on through a primary 
channel 89 having a fixed and well-defined volume, 
until it reaches a closed valve 90 whence it is 
directed into a waste channel 91 communicating 
via a connecting tube 92 with waste disposal 
means 93. 



Next, a valve (not shown) at the upstream end 
of waste channel 91 is closed. At the same time 
valve 88 is closed. Sample liquid in the primary 
volume is now ready to be pumped into the flow 

5 cell 11 A. This is done with the aid of an eluent 
solution 94 which is pumped by a pump 95 through 
an inlet tube 96 to an eluent conduit 97 ending in a 
valve (not shown in Fig. 1, for the sake of clarity) 
which is now opened, together with valve 90. Con- 

w tinued pumping of the eluent solution will result in 
that the advancing eluent solution will press for- 
ward against the primary volume of the sample 
liquid and force it to advance upwardly through a 
riser duct 98 in the plateau 81 , thence into the flow 

75 cell 11 A, and then down through a riser duct 99 in 
the plateau and out through an exhaust duct 100 
and an outlet tube 101 ; then from this outlet tube at 
first the sample solution and then the eluent solu- 
tion will pass on to a second waste disposal means 

20 102 for sample and eluent solutions. When the 
sample solution which has a predetermined volume 
is passing along flow cell 11 A the chemical action 
exerted by the sample solution on the sensor unit 
is analyzed optically. 

25 Valves 88, 90 and the other valves which have 

not been shown in the drawing are identical in 
construction; therefore, only valve 88 will be de- 
scribed. The valve comprises a diaphragm 103 
opposite a channel or through opening 104 in the 

30 support plate 85. The valve diaphragm is an in- 
tegral part of layer 84. A valve seat 105 formed in 
layer 83 is an integral part of that layer and has the 
shape of a projection 105. The portion of channel 
104 leading to the valve is filled with a short liquid 

35 column 106 of e.g. glycerol. Via a compressed air 
supply line 107 and an electromagnetically op- 
erated compressed-air valve 108 (shown only sche- 
matically) the channel 104 communicates with a 
source 1 09 of compressed air. The compressed-air 

40 valve 108 acts in response to electric signals from 
the evaluation device 8 which is here embodied in 
the form of a computer. Fig. 1A shows the valve 88 
in its open position while Fig. 1B shows the same 
valve in its closed position. Were it not for the 

45 liquid column 106 the compressed air would pene- 
trate through 84 and pass into the channel system 
in the form of undesirable air bubbles. 

Fig. 13 shows an embodiment of the channel 
system in a block unit for liquid handling. Dotted 

so lines 11A-D symbolize the four flow cells each 
having their riser tube connection. The small cir- 
cular rings indicate valves each of which has a 
construction as explained above. Eluent conduit 97 
contains valves 110, 111, 112 in the places where 

55 shown. Waste duct 91 has a valve 113. Imme- 
diately upstream of riser tubes 98A-D there are 
valves 114A-D, simply designated by the common 
numeral 114 in Fig. 13, for the sake of clarity. 
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Immediately downstream of riser tubes 99A-D there 
are valves 115A-D; here again the valves are sym- 
bolized by only one common numeral, 115. A 
second waste duct, designated 116, has valves 
117A-D in the places where shown; their one com- 
mon numeral is 117. Moreover the outlet tube 100 
has a group of valves 118A-D corresponding to 
valves 117. Two different eluant solutions may be 
introduced into the system through conduits 119, 
120 leading to connecting tubes 121 for a mixing 
chamber (not shown) the outlet of which commu- 
nicates with eluent conduit 97. After the primary 
volume 89 has been filled in, the sample liquid can 
be directed to any one of the flow cells 1 1 A-D with 
the aid of the eluent liquid, the valves 117 and 118 
being maintained open and closed in appropriate 
combinations. For instance, if the sample solution 
is to be passed on to flow cell 11C, then valves 
114A, B and D are kept closed, 110 closed, 117A 
and B open, 117C closed, 111, 118A and B closed, 
and 118C and D open. 115A, B and D should also 
be closed. 

An especially advantageous feature of the liq- 
uid handling block unit according to Fig. 13 is that 
flow cells 11 A-D can be coupled in series with 
each other. In that case one and the same sample 
liquid will pass through the flow cells one after the 
other. The number of such serially arranged flow 
cells may be 2, 3 or 4 depending on how the 
valves are set. For example, if all the four flow cells 
are to be coupled in series the following valves are 
maintained in the closed position when the eluent 
solution is forcing the sample solution out of the 
primary volume 89: Valves 110, 111, 113, 117A, 
117C, 118B, 118D, 88; while the following are 
maintained in the open position: Valves 114A-D, 
115A-D, 112, 90, 118A, 118C, 117B, 117D. The 
sample liquid and eluent solution run off to the 
waste disposal means via duct 116. 

Another embodiment of the block unit for liquid 
handling is shown in Figs. 14A, B and 15. This 
embodiment differs from that of Fig. 13 in that a 
secondary volume for liquid samples has been 
added and the liquid channel system has been 
duplicated. The secondary volume, which has an 
exactly defined volume, preferably different from 
that of the primary volume, can be coupled in 
series with the primary volume if and as desired. In 
this manner it thus becomes possible to analyze 
two sample liquid volumes which differ inter se and 
which both are well-defined. The duplicate channel 
system is a time-saving feature when analyses are 
carried out - for while the sample liquid of one 
channel system is being pumped into the flow cells 
for analysis the other channel system may at the 
same time be cleaned and filled with fresh sample 
liquid; so that when analysis of the sample liquid of 
the first channel system has been finalized the 



sample liquid of the second channel system is 
immediately ready and available for analysis. 

The small rings in Figs. 14 and 15 designate 
valves 201 , 202, 203, 204, 205, 206, 207, 208A-B, 

5 209A-C, 210A-B, 211, 212A-B, 214, 215. Further- 
more, riser ducts are provided which are to be 
connected - via e.g. a block (not shown) having 
flexible tube connections and planar sealings ar- 
ound the riser duct ends on its underside - to the 

10 pump 96, to the pump (not shown) for sample 
liquid, to the sample solution waste disposal means 
93, to the waste disposal means from the two 
channel systems and to the waste disposal means 
for sample solution plus eluent solution as shown 

75 to the right in the Figure, 101. 

Valves having the same numeral in Fig. 15 are 
all controlled by one common compressed-air 
valve. Thus for instance, when valves 208 are pres- 
surized, all the valves 208A, 208B, 208C and 208D 

20 are pressurized simultaneously. 

If sample solution is to be pumped into the 
lowermost channel system of Fig. 15 then valves 
209B, 214, 215, 209D and 213 are maintained in 
closed positions so that the sample liquid can pass 

25 through the open valves 208D to the primary vol- 
ume 122 and thence to the secondary volume, 
designated by 123. If this secondary volume, too, 
is to be filled valve 213 is kept closed. Valves 21 2A 
and B are kept open, 209C closed, 208C open, the 

30 sample liquid being discharged via the waste dis- 
posal duct 124 of the lowermost channel system. 
When sample liquid in the primary and secondary 
volumes is to be analyzed valves 208 are closed, 
valves 209 and 212 are opened, 213 is closed; and 

35 eluent solution is now pumped through the lower 
eluent channel 125 to force sample solution in the 
primary and secondary volumes through a desired 
flow cell 11 A-D. Valves 201-207 serve as switch 
mechanisms for directing sample liquid to the de- 

40 sired flow cell. Sample and eluent solutions will 
then be discharged through an exhaust duct 126 
which is common to both channel systems. 

Correspondingly the uppermost channel sys- 
tem has an eluent channel 127 and a waste conduit 

45 128, a primary volume 132 and a secondary vol- 
ume 133. 

Valves 208B and D, valves 209B and D, and 
valves 214, 215 serve as means for selecting the 
desired channel system, i.e. causing sample liquid 

so to be pumped either into the lowermost channel 
system 135 or into the uppermost channel system 
136. The sample liquid is pumped in through a 
common inlet channel 129. 

In order to avoid sample carry-over, the T- 

55 section of the channel 129 can be washed. When 
the channel system 136 is washed, a small volume 
of the washing liquid is released through the waste 
disposal channel 130 by opening the valve 215 for 
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a short time. When the channel system 135 is 
washed, a small volume of the washing liquid is 
released through the waste disposal channel 131 
by opening the valve 214 for a short time. 

Although not shown in Figs. 14A, B and 15 the 
block unit for liquid handling may be provided with 
valves corresponding to valves 115, 18 in Fig. 13 to 
thus enable the flow cells to be coupled in series 
with one another. 

By means of separating the valve functions so 
that every valve, i.e. also each of the valves 208A, 
208B, 208C and 208D, is actuated by a separate 
compressed-air valve of its own, possibilities are 
provided to pump either the primary volume or the 
secondary volume, or the primary plus secondary 
volume, through a desired flow cell. 

As may be seen from Figs. 14A and 14B the 
inlet channel 129 for sample liquid and the inlet 
channels 125, 127 for eluent solution all have a 
considerable length. This is so because the tem- 
perature is to be kept constant and equal in both of 
these solutions with the aid of the thermostat 
means 27 (shown in Fig. 2) which is situated below 
these channel portions and serves as a kind of a 
heat exchanger. The thermostat means 27 and the 
thermostat means in housing 2 are both of the 
liquid-operated type, their liquid flows emanating 
preferably from one common liquid bath which is 
maintained under strict temperature control. 

In the above-described embodiments of the 
invention a plurality of flow cells - up to 20 - are 
arranged side by side and are irradiated simulta- 
neously by a streak of light extending transversely 
over the flow cells and their sensing surfaces. 

According to the invention it is also possible to 
employ just one flow cell the longitudinal direction 
of which is parallel to the streak of light, with a 
number of mutually spaced apart sensing surfaces 
which are arranged within the flow cell, are irradi- 
ated simultaneously by the light streak and are 
each functionalized in the manner described above. 
After functionalization in an apparatus with flow 
channels similar to that shown in Fig. 1 the sensing 
surfaces 40A-D are oriented as shown in Fig. 16. 
As will be seen from this Figure, the block unit for 
liquid handling 140 which is then used in the analy- 
sis phase may have just one single flow cell 141 
instead of the four cells shown earlier. The chief 
advantage of such an arrangement resides in ob- 
taining a short and well-defined interface between 
the sample liquid and eluent solution, as compared 
to the interface formed when the flow cells are 
coupled in series and the sample liquid travels 
along a meander-type path through the serial cells; 
in this case the interface tends to become elon- 
gated at each bend of 180 * . 

From the above description of the block unit for 
liquid handling it will be evident that the number of 



primary volumes may be increased and that such 
additional volumes may each be given any size as 
desired. 

According to still another embodiment of the 
5 channel system in a liquid handling block unit of 
the type having a plurality of flow cells in side-by- 
side relationship, all the flow cells are simulta- 
neously fed each with one liquid of its own. In this 
manner the liquids can be analyzed simultaneously 

10 in the analytical apparatus. The liquids may be 
sample solutions of different types or of the same 
type. They may also be a number of sample solu- 
tions plus one or a plurality of reference solutions. 
This manner of parallelly analyzing a plurality of 

75 liquids is conducive to shortening the time required 
for analysis. Still another variant form of the inven- 
tion resides in (i) providing a plurality of sensing 
surfaces in each of the flow cells lying next to each 
other side by side, and (ii) feeding all the flow cells 

20 simultaneously each with one liquid of its own. In 
this case the time required for analysis is short- 
ened to a still greater extent, and a possibility is 
provided of qualitatively analyzing a greater num- 
ber of substances simultaneously. 

25 According to an alternative embodiment the 

layer 80 may be a plate of silicon into which slits 
extending therethrough and corresponding to the 
upwardly open channel portions 11A-D have been 
etched by means of a technique such as is known 

30 within the field of micromechanics. 

Knowing the cross sectional area of the flow 
channel and also the volume capacity of the pump 
(e.g. in ul per unit time) one is enabled to carry out 
a time-controlled pumping operation whereby a liq- 

35 uid volume chosen as desired is pumped along the 
sensing surfaces. Now looking at Rg. 15, suppose 
primary volume 122 has a capacity of 5 ul and 
secondary volume 123 has a capacity of 45 ul: By 
means of opening valve 213 and closing valves 

40 212A-B, alternatively opening valve 211 and close 
valves 210A-B, after a predetermined period of 
time corresponding to the desired liquid volume to 
be analyzed it is thus possible to feed any desired 
volume of between 5 and 50 ul along a sensing 

45 surface. 

Solenoid-activated valves may be employed in- 
stead of the pneumatically activated valves. Such a 
solenoid-activated valve may consist, according to 
the invention, of a wire of superelastic alloy at- 

50 tached to the solenoid armature. The wire extends 
through holes in the support plate into contact with 
the layer 84. When the solenoid is activated the 
end of the wire will push up the diaphragm 84 of 
the valve against the valve seat 105 in a similar 

55 way as shown in Fig. 1B. Typically the valve open- 
ings in the support plate 88 have a diameter of 0.5 
mm; consequently the superelastic alloy wires 
should have a diameter of an order of magnitude of 
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0.4 mm. Superelasticity in this case means that the 
wires may be formed with sharp bends but never- 
theless remain stiff. 

Fig. 12 shows the region around plateau 81 of 
the block unit for liquid handling. As will be seen, 
there are a number of L-shaped angle pieces 101- 
105 on each side of the plateau for retaining carrier 
plate 42 in its position over the sheet 80. 

It will be appreciated that when the analytical 
apparatus 18 is in its loading position, the housing 
being raised and the guide pins being retracted 
from openings 29, 30, a carrier plate 42 can be slid 
in between the L-shaped angle pieces 100-105. 
Then when the electric motor rotates and lowers its 
head the prism 4 in aperture 21 of housing 20 will 
be pressed against the opto-interface plate and 
thus also sensor unit 10 against layer 80 in a 
liquid-tight manner due to the weight of the hous- 
ing. When the metal film 37 of the sensor unit 10 
and the dielectric film 38 on metal film 37 are 
sealingly pressed against layer 80, flow cells will 
be created as formed by the aforesaid upwardly 
open portions 11A-D. 

For initial calibration of the analytical apparatus, 
salt solutions each having a known refractive index 
are pumped one after the other past each of the 
sensing surfaces. The electric signals from the 
detectors of the photodetector columns corre- 
sponding to each of the sensing surfaces are 
stored in a memory, separately for each one of the 
salt solutions. By curve fitting of the response 
values from each of the photodetectors all the 
photodetector members of the analytical apparatus 
are calibrated so that a linear relationship is estab- 
lished between the salt concentrations and the 
measured refractive indices. Next, the sample solu- 
tion is pumped through a flow channel 14 which 
serves as a reference channel; its sensing surface 
has no affinity for biomolecules at this particular 
time when the calibration is carried out. The elec- 
tric signals obtained from the photodetector rows 
corresponding to the resonance angle of the sam- 
ple solution are stored in another location of the 
memory. The purpose of this calibration is to deter- 
mine the refractive index of the sample solution. 
The stored signal corresponding to that index is 
then corrected from the signals obtained when the 
sample solution is pumped through a flow channel 
with an activated sensing surface in order to deter- 
mine a difference in refractive index due to the 
presence of the target biomolecule in the sample 
solution. The same reference channel may also be 
used for temperature monitoring of the analytical 
procedure; in case unnatural temperature variations 
are detected the pumps are stopped and analysis 
is discontinued. 

By coating at least one of the sealing areas of 
layer 80 between the flow channels with a dielec- 



tricum of a suitable refractive index in order to gain 
SPR response, the temperature at layer 80 can be 
monitored. The refractive index of most organic 
materials is sensitive to the temperature, and the 

s dielectricum should have a known temperature de- 
pendence of its refractive index. Light beams re- 
flected at the metal film 37 at areas thereof op- 
posite to the film areas pressed in close optical 
contact with the liquid sealing areas of the dielec- 

10 tricum will be imaged by the anamorphic lens 
system 6 onto corresponding columns of detector 
elements, e.g. situated between columns of detec- 
tor elements corresponding to flow channels. The 
electrical signal representing the resonance angle 

75 as measured at the sealing areas between the flow 
channels will represent an actual temperature value 
at the dielectric layer. By guidance from the mea- 
sured difference between the corrected signal and 
the actual value, the thermostat system can be 

20 controlled towards the temperature set point se- 
lected. The measured electric signal may also . as 
an alternative, or complement, to the above de- 
scribed method, be used to correct for the baseline 
drift caused by temperature disturbances due to 

25 the thermostat means not being positioned in the 
flow cell. 

The optical biosensor system instrument sche- 
matically described for a surface piasmon reso- 
nance detection in figures 1 and 8, may also be 

30 adapted for detection using critical angle refrac- 
tometry, multiple angle evanescent wave el- 
lipsometry, and Brewster angle reflectometry, in 
that the first lens means 62 and the second lens 
means 65 are generally similar for these various 

35 detection principles. It should be noted, however, 
that the addition of specific optical components are 
required for the employment of ellipsometry in the 
optical biosensor system. 

Additionally, the optical biosensor system in- 

40 strument described in figures 1 and 8, may be 
arranged for employing variable angle total internal 
reflection fluorescence, variable angle total internal 
reflection phosphorescence, variable angle total in- 
ternal reflection light scattering. More specifically, 

45 the second lens means 65 may be positioned for 
detection of in-line fluorescence or phosphores- 
cence, or as indicated in figure 1, by the second 
lens means 165 and photodetectors 161 for detec- 
tion of right-angle fluorescence or phosphores- 

50 cence, or of right angle light scattering. 

The above-described embodiments of the in- 
vention may be modified and varied in many ways 
within the scope of the inventive concept. 

55 Claims 

1. An optical biosensor system using internal re- 
flection versus angle of incidence determina- 
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tion for detecting a specific biomolecule, for 
example an antigen, and comprising: 

- a sensor unit (10) in the form of a trans- 
parent plate (36), at least a portion of one 

of the faces of said plate (36) either 5 
having a dielectric film adhered thereto, 
or being primarily coated with a metal 
film (37) to which has been adhered a 
dielectric film (38), said dielectric film 
having an affinity for the biomolecule at w 
the time when the measurement is car- 
ried out, 

- a light source (1) with first lens means 
(62, 64) for directing a beam of light 
against the interface of the transparent 75 
plate (36) and its coating of said film or 
films and which light may produce at 
least one evanescent wave in a sensing 
surface of said film or films when a sam- 
ple solution contacts the dielectric film 20 
on the transparent plate, 

- optical imaging instrumentation with sec- 
ond lens means (65) by which light re- 
flected from the sensitized surface of the 
transparent plate (36) is imaged on a 25 
photodetector device, or 

- optical imaging instrumentation with sec- 
ond lens and optical filter means (165) 
by which light originating from the sam- 
ple, through either evanescent wave 30 
stimulated fluorescence (TIRF), 
phosphorence, or light originating from 
scattering at the sensing surface, is im- 
aged on a photodetector device, 

- an evaluation unit (8) for determining the 35 
angle for minimum reflectance, and/or 

the state of polarization, and/or the col- 
lected light intensity, characterized in 

- that at least one, and preferably two or 
more sensing surface (39A-D) arranged aq 
in side-by-side relationship, are defined 

on the sensor unit, 

- that when measurement is to be carried 
out the sensing surface or surfaces (39A- 

D; 40A-D) in order to form an elongated 45 
flow cell are to be pressed over an open 
portion (11A-D) of at least one channel 
(14A-D) for the sample solution which is 
to be analyzed and affects the angle 
and/or polarization state for minimum re- 50 
flectance, and/or the collected light inten- 
sity, at which the evanescent wave inter- 
acts with the sample, 

- that the first lens means (62) form a 
convergent beam of light focused in 55 
wedge-shape fashion into forming a 
streak of light extending transversely 
over all the sensing surface or surfaces, 



- that the photodetector device (61) is a 
two-dimensional matrix of individual 
photodetectors, 

- that the second lens means (65) of the 
optical imaging instrumentation is an an- 
amorphic lens system for imaging rays 
of reflected light from the sensing sur- 
face or surfaces on each its own column 
(61A-G) of photodetectors, so that to 
each sensing surface will correspond to 
one particular set of columns of 
photodetectors, or 

- that the second lens means (165) of the 
optical imaging instrumentation is a lens 
system, which may be anamorphic, for 
imaging rays of light emitted through flu- 
orescence or phosphorence from the 
sample or light originating from scatter- 
ing at the sensing surface, on each its 
own column (61A-G) of photodetectors, 
so that to each sensing surface will cor- 
respond one particular set of columns of 
photodetectors, 

- and that the evaluation unit (8) is ar- 
ranged to determine the angle for mini- 
mum reflectance, and/or the state of po- 
larization, and/or the collected light inten- 
sity, for each of the sensing surfaces. 

2. An optical sensor system according to claim 1 , 
characterized by 

- a support (19) in which the open portion 
or portions (11A-D) of the at least one 
channel (14A-D) is (are) arranged in a 
fixed position (s), 

- a housing (20) in which the light source, 
the optical imaging instrumentation, the 
photodetector device and a coupling 
prism (4) are arranged in fixed positions, 

- an aperture (21) provided in the housing 
below the coupling prism and covered by 
an opto-interface plate (9) for coupling 
incident and reflected light and/or scat- 
tered or emitted light from sample, re- 
spectively, to said sensor unit and optical 
imaging instrumentation, 

- and holder means (100-104) by which 
the sensor unit is detachably attached 
below the aperture, 

- the housing being meant to be placed on 
top of the sensor unit for pressing the 
opto-interface plate against the other 
face of the sensor unit. 

3. An optical sensor system according to claim 2, 
characterized in that the housing (20) is hinged 
to the support (19) by means of a system of 
articulated arms (24-25) extending from each 
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lateral face of the housing and the support 
respectively. 

4. An optical sensor system according to claim 2 
or 3, characterized by thermostat means (27) 
provided in the housing and at the at least one 

• channel for the purpose of thermostatically 
controlling each sensing surface and channel 
respectively. 

5. An optical system according to any one of 
claims 1-4, characterized in that at least two 
sensing surfaces (39A-D) are arranged in side- 
by-side relationship on the sensor unit (10). 

6. An optical sensor system according to any one 
of claims 1-5, characterized in that the plate 
(36) of the sensor unit is of glass. 

7. An optical sensor system according to any one 
of claims 1-6, characterized in that the dielec- 
tric film (38) comprises a dextran layer. 

8. An optical sensor system according to any one 
of claims 1-7, characterized in that a plurality 
of channels (14A-D) are arranged in parallel 
side-by-side relationship, that each channel 
has an upwardly open portion (11A-D), that 
these upwardly open portions together are to 
be covered by the sensor unit in the stage 
when measurement is performed, and that in 
the said measuring stage each sensing surface 
is situated above each its own upwardly open 
portion. 

9. An optical sensor system according to claim 8, 
characterized in that the upwardly open chan- 
nel portions lying in side-by-side relationship 
are slits (11A-D) extending through a first layer 
(80) of elastomer material or silicon. 

10. An optical sensor system according to claim 9, 
characterized in that the first layer is made of 
rubber material, preferably silicone rubber. 

11. An optical sensor system according to any one 
of claims 8-10, characterized in that the chan- 
nels (14A-D) are formed in a liquid handling 
block unit (15) of a solid material such as 
plastics, preferably polystyrene, metal or ce- 
ramics. 

12. An optical sensor system according to any one 
of claims 1-11, characterized in that the chan- 
nels (14A-D) can be coupled in series with 
each other. 



13. An optical sensor system according to claim 
11 or 12, characterized in that the liquid han- 
dling block unit comprises 

- a planar support plate (85) carrying a 
5 second elastomer layer (84) on its upper 

face, 

- a base plate (82) positioned on top of the 
second elastomer layer and provided 
with 

10 - a third elastomer layer (83) positioned on 

the underside of the base plate, 

- a first number of riser ducts (98) which 
correspond to the number of upwardly 
open channel portions (11A-D), extend 

rs through the base plate, and communicate 

with one end of each their respective 
open channel portion, 

- a second number of riser ducts (99) 
which correspond to the number of up- 

20 wardly open channels and communicate 

with the opposite end of each their re- 
spective open channel portion, 

- a pattern of channels formed in the third 
elastomer layer and having 

25 - at least one primary volume (89; 122) for 

sample liquid, said primary volume hav- 
ing an exactly determined volume, 

- at least one inlet channel (87; 129) for 
sample liquid, 

30 - at least one inlet channel (97; 125, 127) 

for eluent liquid, 

- an outlet channel (100; 126) common to 
said sample and eluent liquids, 

- valve means (103) accommodated on the 
35 support plate for creating desired com- 
munications with the channels of the 
channel system. 

14. An optical sensor system according to claim 
40 13, characterized in that the channel system 

comprises a secondary volume (123) for sam- 
ple liquid, said secondary volume having an 
exactly determined volume which preferably 
differs from that of the primary volume. 

45 

15. An optical sensor system according to claim 
14, characterized in that the channel systems 
are duplicated so that one system can be filled 
while sample liquid of the other system is 

so being analyzed. 

16. An optical sensor system according to claim 
13 or 14, characterized in that the valves are 
pneumatic valves formed by through openings 

55 (104) in the support plate (88), by the second 

elastomer layer (84) above these openings, 
and by valve seats in the form of projections 
(105) from the third elastomer layer (83) of the 
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base plate (82). 

17. An optical sensor system according to claim 
13 or 14, characterized in that the valves are 
electromagnetic valves having a wire attached 
to their armature, said wire being made of 
superelastic material and extending through 
the opening in the support plate to act upon 
the second elastomer layer. 

18. An optical sensor system according to one or 
more of the preceding claims, characterized in 
that the upwardly open portion (11A-D) has a 
length of about 800 urn, a width of about 300 
iim, and a height of about 30 urn. 

19. An optical sensor system according to claim 2, 
characterized by 

- a carrier plate (42) for the sensor unit, 

- an opening (44) in the carrier plate such 
as to snugly accommodate the sensor 
unit, with said unit resting on flange 
means (45) at the lower end of said 
opening, and 

- a grip portion (43) on the carrier plate, to 
be seized between thumb and forefinger. 

20. An optical sensor system according to claim 
19, characterized by a separate storage hous- 
ing for each carrier plate with the sensor unit 
mounted thereon, said housing comprising top 
and bottom walls, two side walls and an end 
wall. 

21. An optical sensor system according to any one 
of claims 1-20, characterized by the anamor- 
phic second lens system (6) being arranged 
for 

- imaging reflected rays of light from sur- 
face elements in the longitudinal direc- 
tion of the streak of light, in the form of 
real image elements corresponding to 
rows in columns of photodetectors where 
each column corresponds to each its 
own part of the sensing surface in the 
direction of the streak of light. 

- imaging reflected rays of light from sur- 
face elements transversely of the longitu- 
dinal direction of the streak of light, onto 
pixels situated along columns of 
photodetectors, in that mutually parallel 
incident rays lying in the plane of in- 
cidence and aligned transversely of the 
longitudinal direction of the streak of light 
are focused toward a single photodetec- 
tor in a column, so that to each angle of 
incidence of the incident light corre- 
sponds each its photodetector (61A-G) in 



a column, i.e. each detector in a column 
corresponds to one particular angle of 
incidence. 

5 22. An optical sensor system according to any one 
of claims 1-21, characterized in that said inter- 
nal reflectance versus angle of incidence de- 
termination is based upon surface plasmon 
resonance. 

w 

23. An optical sensor system according to claim 
21 or 22, characterized in that the convergent 
beam of light strikes the reverse side of the 
metal film (37) with angles of incidence of 

75 between 62 and 78 degrees. 

24. An optical sensor system according to any one 
of claims 1-20, characterized by 

- the second lens system (165), which 
20 may be anamorphic, being arranged for 

collecting rays of light emitted from sam- 
ple or rays of light scattered from surface 
elements in the longitudinal direction of 
the streak of light, onto columns of 
25 photodetectors where each column cor- 

responds to each its own part of the 
sensing surface in the direction of the 
streak of light, 

- collecting rays of light from surface ele- 
30 ments transversely of the longitudinal di- 
rection of the streak of light, onto pixels 
situated along columns of photodetec- 
tors, in that mutually parallel incident 
rays lying in the plane of incidence and 

35 aligned transversely of the longitudinal 

direction of the streak of light are fo- 
cused toward a single photodetector in a 
column, so that to each angle of inci- 
dence of the incident light corresponds 

40 to each its photodetector (61A-G) in a 

column, i.e. each detector in a column 
corresponds to one particular angle of 
incidence. 

45 25. An optical sensor system according to any one 
of claims 1-24, characterized in that the width 
of the streak of light irradiating the sensing 
surfaces is substantially equal to the extent of 
the sensing surfaces transversely of the lon- 

50 gitudinal direction of the streak of light, thus 

resulting in the optical creation of an integrated 
mean value of the mass of biomolecules bind- 
ing to the dielectric film to thus permit a repro- 
ducible quantitative analysis or alternatively a 

55 reproducible analysis of the relative amount of 

the particular biomolecule contemplated. 
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26. An optical sensor system according to claim 

25, characterized in that the extent of a sens- 
ing surface as seen in the longitudinal direction 
of the streak of light is imaged in reduced size 
on a single photodetector, thus resulting in the 
electronic creation of an integrated mean value 
of the mass of biomolecules binding to the 
dielectric film as seen in the longitudinal direc- 
tion of the streak of light. 

27. An optical sensor system according to claim 

26, characterized in that the anamorphic lens 
system is arranged for size reduction of an 
image element in the S planes with a linear 
degree of magnification m = 0.56 when said 
extent is of the order of magnitude of about 
300 urn and a photodetector has dimensions 
of about 90x90 urn. 

28. An optical sensor system according to any one 
of claims 1-27, characterized in that the first 
lens means (62) of the light source (1) com- 
prise a lens member (64) for varying the width 
of the streak of light irradiating the sensing 
surfaces. 

29. An optical sensor system according to claim 2, 
characterized in that the coupling prism (4) is 
in the form of a truncated straight hemicylinder 
placed over the aperture in the bottom wall of 
the housing. 

30. An optical sensor system according to claim 
23, characterized in that the light source (1) 
emits substantially monochromatic and inco- 
herent light, e.g. being a light emitting diode in 
combination with an interference filter. 

31. An optical sensor system according to claim 
25, characterized in that the light source (1) 
emits substantially monochromatic and coher- 
ent light, e.g. by use of a semiconductor diode 
laser, a dye laser, or a gas laser. 

32. An optical sensor system according to claim 2, 
characterized by positioning means (22, 23, 
29, 30) for setting the positions of the housing 
(20), the optical sensor (10) and the support 
(19) relatively to one another. 

33. An optical sensor system according to claim 2, 
characterized in that the opto-interface plate 
(9) comprises a transparent plate (57) of e.g. 
glass carrying on one of its faces longitudinally 
extending parallel ridges (58) aligned with lon- 
gitudinally extending parallel ridges (59) on the 
opposite face of the plate, these ridges being 
(i) made of an elastic transparent material, (ii) 



spaced apart with distances inter se corre- 
sponding to the distances between the sensing 
surfaces (39A-D), (iii) of a length at least suffi- 
cient to have the entire cross section of the 
5 convergent beam of light coupled to the sensor 

unit, and (iv) intended for being pressed 
against the transparent plate of the sensor unit 
directly opposite the sensing surfaces, to thus 
direct the light into the sensor unit (10). 

70 

34. An optical sensor system according to claim 
33, characterized in that each ridge (58, 59) 
has a number of longitudinally extending 
stepped portions (60) at each side to thus form 

75 a structure having in cross section the configu- 

ration of a flight of stairs, the uppermost steps 
thereof being capable of being pressed resil- 
iency against the sensor unit and, respectively, 
the prism (4) without formation of enclosed air 

20 pockets. 

35. An optical sensor system according to claim 
24, characterized in that the evaluation unit is 
arranged in such a manner that when the mass 

25 of bound specific biomolecules is calculated 

this calculation will include light emitted from 
sample or scattered from sensing surface from 
only a partial band of the width of each sens- 
ing surface, said partial band extending sub- 

30 stantially along the entire length of the sensing 

surface and being positioned centrally therein, 
this operation being effectuated by evaluation 
of the electric signals obtained from the 
photodetectors in that column which corre- 

35 sponds to a corresponding partial band on 

each of the sensing surfaces. 

36. An optical sensor system according to claim 
26 or 27, characterized in that the evaluation 

40 unit is arranged in such a manner that when 

the mass of bound specific biomolecules is 
calculated this calculation will include reflected 
light from only a narrow band, preferably about 
50 %, of the width of each sensing surface, 

45 said narrow band extending substantially along 

the entire length of the sensing surface and 
being positioned centrally therein, this opera- 
tion being effectuated by evaluation of the 
electric signals obtained from the photodetec- 

50 tors in that column which corresponds to a 

corresponding narrow band on each of the 
sensing surfaces. 

37. An optical sensor system according to claim 
55 36, characterized in that the evaluation unit is 

arranged for calculating parameters for a sur- 
face plasmon resonance curve for a determina- 
tion comprising a reflectance minimum and a 
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resonance angle and the displacement thereof 
for each of the flow cells, by means of curve 
fitting of the response values obtained from 
column detector members corresponding to 
the resonance angle, i.e. the reflectance mini- 
mum. 

38. An optical sensor system according to claim 2 f 
characterized in that the coupling prism (4) is 
in the form of a plane sided prism placed over 
the aperture in the bottom wall of the housing, 
the refractive properties of said plane sided 
prism having been taken into account when 
designing the first lens means (62) for forming 
a convergent beam of light focused in a 
wedge-shaped fashion into forming a streak of 
light extending transversely over all the sensi- 
tized areas. 

39. An optical sensor system according to any one 
of claims 1-38, characterized in that the open 
channel portion situated at the sensing surface 
has the form of a wall-jet cell, for which the jet 
flow is directed against the centre of such a 
circular sensing surface. 

40. A method of calibrating an optical sensor de- 
vice according to claim 1 , characterized in 

- that calibration solutions such as salt so- 
lutions and/or suitable organic solutions 
without affinity to the sensing layer, each 
with a known refractive index, are 
pumped one after the other through a 
flow cell, 

- that the electric signals from the detec- 
tors of the photodetector rows corre- 
sponding to each one of the sensing 
surfaces are stored in a memory, for 
each one of the calibration solutions, so 
that a known relationship is obtained be- 
tween the resonance angle and refractive 
index in the dielectric film, 

- and that the responses from each of the 
photodetector members are calibrated. 

41. A method according to claim 40, characterized 
in 

- that the sample solution is passed over a 
separate sensing surface that has no af- 
finity for any biomolecule but is situated 
on the metal film, 

- that the electric signals obtained from the 
photodetector rows corresponding to the 
separate, non-affinity sensing surface are 
stored in another location of the memory, 

- and that the stored signals are corrected 
from the signals obtained when the sam- 
ple solution is made to pass along those 



sensing surfaces that do possess affinity 
properties, to thus determine a difference 
between the refractive indices due to the 
presence of the particular biomolecule 
5 for which the sensing surface possesses 

affinity properties. 

42. Method of correcting for baseline drift in SPR 
analysis procedures using the optical biosen- 
io sor system according to claim 1 , characterized 

in 

- that a predetermined temperature set 
point is established for the sample solu- 
tion, 

75 - that for creating an electric signal repre- 

senting an actual temperature value of 
the sample solution, electric signals are 
employed which represent the resonance 
angle as measured in a flow cell the 

20 sensing surface of which has no affinity 

for the specific biomolecule and through 
which a liquid is fed which is conveyed 
through the liquid flow handling unit, 

- that the signals from the sample solution 
25 are corrected in respect of the tempera- 
ture disturbance caused by the fact that 
the thermostat means is not positioned in 
the flow cell, and 

- that by guidance from the measured dif- 
30 ference between the corrected signal and 

the actual value the thermostat means is 
controlled towards the temperature set 
point. 

35 43. A method of measuring the actual feedback 
value of the temperature at the flow channels 
for regulation of the thermostat system by SPR 
analysis procedures using the optical biosen- 
sor system according to claim 1 , characterized 

40 in 

- that for creating an electrical signal re- 
presenting an actual temperature value of 
the sample solution, electric signals are 
employed which represent the resonance 

45 angle as measured at a flow cell the 

sensing surface of which is in contact 
with at least one of the sealing areas (80) 
adjacent or between the flow channel(s), 
which sealing area is coated with a 

so dielectricum of suitable material and re- 

fractive index properties in order to ob- 
tain a SPR response from said area, said 
dielectricum, having a known tempera- 
ture dependence of its refractive index, 

55 light beams reflected at areas of the met- 

al film (37) opposite to areas of the film 
pressed in close optical contact with the 
liquid sealing areas of said dielectricum 
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being imaged by the anamorphic lens 
system (6) onto corresponding columns 
of detector elements, and 

- • that by guidance from the measured dif- 

ference between the corrected signal and 5 
the actual value the thermostat means is 
controlled towards the temperature set 
point. 

PatentansprUche 10 

1. Ein optisches Biosensorsystem, welches die 
Bestimmung der inneren Reflexion im VerhSIt- 
nis zu dem Einfaliswinkel zum Detektieren ei- 
nes spezifischen BiomolekOls, z.B. eines Anti- 15 
gens, benutzt, und umfassend: 

- eine Sensoreinheit (10) in der Form einer 
transparenten Platte (36), wobei wenig- 
stens ein Teil von einer der Seiten der 
Platte (36) entweder einen daran anhaf- 20 
tenden dielektrischen Film hat Oder pri- 

mar mit einem Metallfilm (37) beschich- 
tet ist, an welchem ein dielektrischer Film 
(38) zum Anhaften gebracht worden ist, 
wobei der dielektrische Film eine Affinitat 25 
fUr das BiomolekUl zu der Zeit hat. wenn 
die Messung ausgefUhrt wird, 

- eine Lichtquelie (1) mit einem ersten Lin- 
senmittel (62, 64) zum Richten eines 
LichtbUndels gegen die Grenzflache der 30 
transparenten Platte (36) und ihre Be- 
schichtung aus dem Film Oder den Fil- 
men, und welches Licht wenigstens eine 
abklingende Welle in einer Abtastoberfla- 

che des Rims oder der Rime erzeugen 35 
kann, wenn eine Probenldsung den die- 
lektrischen Film auf der transparenten 
Platte kontaktiert, 

- optisches Abbildungsinstrumentarium mit 
einem zweiten Linsenmittel (65), durch 40 
welches von der sensibilisierten Oberfla- 

che der transparenten Platte (36) reflek- 
tiertes Licht auf einer Photodetektorein- 
richtung abgebildet wird, oder 

- optisches Abbildungsinstrumentarium mit 45 
einem zweiten Linsen- und optischen Rl- 
termittel (165), durch welches von der 
Probe ausgehendes Licht durch entwe- 
der von abkiingender Welle stimulierte 
Fluoreszenz (TIRF), Phosphoreszenz, 50 
oder Licht, das von einer Streuung an 

der Abtastoberflache ausgeht, auf einer 
Photodetektoreinrichtung abgebildet wird, 

- eine Auswertungseinheit (8) zum Bestim- 
men des Winkels fUr minimales Refle- 55 
xionsvermogen, und/oder des Zustands 

der Polarisation, und/oder der gesamm el- 
ten Lichtintensitat, dadurch gekenn- 



zelchnet, 

- daB wenigstens eine, und Vorzugsweise 
zwei oder mehr, AbtastoberflSchen (39A- 
D), die in Nebeneinanderbeziehung an- 
geordnet sind, auf der Sensoreinheit defi- 
niert sind, 

- daB, wenn eine Messung ausgefUhrt wer- 
den soil, die Abtastoberflache oder 
-oberflachen (39A-D; 40A-D) urn eine 
langgestreckte Strdmungszelle zu bilden, 
Uber einen offenen Teil (11A-D) von we- 
nigstens einem Kanal (14A-D) fUr die 
ProbenlQsung zu drOcken sind, welche 
analysiert werden soli und den Winkel 
und/oder den Polarisationszustand fUr 
minimales Reflexionsvermogen, und/oder 
die gesammelte Lichtintensitat, bei wel- 
cher die abklingende Welle mit der Pro- 
be in Wechselwirkung ist, beeinfluBt, 

- daB das erste Linsenmittel (62) ein kon- 
vergentes LichtbUndel bildet, das in einer 
Keiiformart zur Ausbildung eines Licht- 
streifens fokussiert ist, der sich quer Uber 
die gesamte Abtastoberflache oder 
-oberflachen erstreckt, 

- daB die Photodetektoreinrichtung (61) 
eine zweidimensionale Matrix von indivi- 
duellen Photodetektoren ist, 

- daB das zweite Linsenmittel (65) des op- 
tischen Abbildungsinstrumentariums ein 
anamorphotisches Linsensystem zum 
Abbilden von Strahlen von reflektiertem 
Licht von der Abtastoberflache oder den 
Abtastoberflachen her auf je ihrer eige- 
nen Saule (61A-G) von Photodetektoren 
ist, so daB jede Abtastoberflache einem 
speziellen Satz von Saulen von Photode- 
tektoren entspricht, oder 

- daB das zweite Linsenmittel (165) des 
optischen Abbildungsinstrumentariums 
ein Linsensystem ist, welches anamorp- 
hotisch sein kann, zum Abbilden von 
Strahlen von Licht, die durch Fluoreszenz 
oder Phosphoreszenz von der Probe 
emittiert werden, oder Licht, das vom 
Streuen an der Abtastoberflache ausgeht, 
auf je ihrer eigenen Saule (61A-G) von 
Photodetektoren, so daB jede Abtastober- 
flache einem speziellen Satz von Saulen 
von Photodetektoren entspricht, 

- und daB die Auswertungseinheit (8) zum 
Bestimmen des Winkels fUr minimales 
Reflexionsvermogen, und/oder des Zu- 
stands der Polarisation, und/der gesam- 
melten Lichtintensitat, fOr jede der Ab- 
tastoberflachen eingerichtet ist. 
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2. Ein optisches Sensorsystem gemaB Anspruch 

1 , gekennzelchnet durch 

- einen TrSger (19), in welchem der offene 
Teil Oder die offenen Teile (11A-D) von 
dem wenigstens einen Kanal (14A-D) in 5 
einer fixierten Position (en) angeordnet ist 
(sind), 

- ein Gehause (20), in welchem die Licht- 
quelie, das optische Abbildungsinstru- 
mentarium, die Photodetektoreinrichtung 10 
und ein Kopplungsprisma (4) in fixierten 
Positionen angeordnet sind, 

- eine Offnung (21), die in dem Gehduse 
unter dem Kopplungsprisma vorgesehen 

und von einer Opto-Grenzflachenplatte 75 
(9) bedeckt ist zum Koppeln von jeweils 
einfallendem und reflektiertem Licht 
und/oder gestreutem oder emittiertem 
Licht von der Probe mit der Sensorein- 
heit und dem optischen Abbildungsin- 20 
strumentarium, 

- und ein Haltermittel (100-104), durch wel- 
ches die Sensoreinheit losbar unter der 
Offnung angebracht wird, 

- wobei das Gehause dazu bestimmt ist, 25 
auf der Oberseite der Sensoreinheit zum 
DrUcken der Opto-Grenzflachenplatte ge- 

gen die andere Seite der Sensoreinheit 
plaziert zu werden. 

30 

3. Ein optisches Sensorsystem gemaB Anspruch 

2, dadurch gekennzelchnet, daB das Gehau- 
se (20) mittels eines Systems von Gelenkar- 
men (24-25), die sich von jeder seitlichen Fla- 

che des Gehauses bzw. des Tragers erstrek- 35 
ken, an dem Trager (1 9) angelenkt ist. 

4. Ein optisches Sensorsystem gemaB Anspruch 
2 oder 3, gekennzelchnet durch ein Ther- 
mostatmittel (27), das in dem Gehause und an 40 
dem wenigstens einen Kanal zu dem Zweck 

des thermostatischen Steuerns bzw. Regelns 
jeder Abtastoberflache bzw. jedes Kanals vor- 
gesehen ist. 

45 

5. Ein optisches System gemaB irgendeinem der 
AnsprUche 1 bis 4, dadurch gekennzelchnet, 
daB wenigstens zwei Abtastoberflachen (39A- 
D) in Nebeneinanderbeziehung auf der Senso- 
reinheit (10) angeordnet sind. 50 

6. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprUche 1 bis 5, dadurch gekenn- 
zelchnet, daB die Platte (36) der Sensoreinheit 

aus Glas ist. 55 

7. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprUche 1 bis 6, dadurch gekenn- 



zelchnet, daB der dielektrische Film (38) eine 
Dextranschicht umfaBt. 

8. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprUche 1 bis 7, dadurch gekenn- 
zelchnet, dafi eine Mehrzahl von Kanalen 
(14A-D) parallel in Nebeneinanderbeziehung 
angeordnet sind, daB jeder Kanal einen auf- 
warts offenen Teil (11 A -D) hat, daB diese 
aufwarts offenen Teile zusammen durch die 
Sensoreinheit in dem Stadium, wenn eine Mes- 
sung ausgefUhrt wird, zu bedecken sind, und 
daB in dem MeBstadium jede Abtastoberflache 
Uber je ihrem eigenen aufwarts offenen Teil 
liegt. 

9. Ein optisches. Sensorsystem gemaB Anspruch 

8, dadurch gekennzelchnet, daB die aufwarts 
offenen Kanalteile, die in Nebeneinanderbezie- 
hung liegen, Schlitze (11A-D) sind, die sich 
durch eine erste Schicht (80) aus elastomerem 
Material oder Silizium erstrecken. 

10. Ein optisches Sensorsystem gemaB Anspruch 

9, dadurch gekennzelchnet, daB die erste 
Schicht aus Gummimaterial hergestellt ist, vor- 
zugsweise Silikongummi. 

11. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprUche 8-10, dadurch gekenn- 
zelchnet, daB die Kanale (14A-D) in einer 
FlUssigkeitshandhabungsblockeinheit (15) aus 
einem festen Material, wie Kunststoff, vorzugs- 
weise Polystyrol, Metall Oder Keramik ausge- 
bildet sind. 

12. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprUche 1 bis 11, dadurch ge- 
kennzelchnet, daB die KanSle (14A-D) in Hei- 
ne miteinander gekoppelt werden konnen. 

13. Ein optisches Sensorsystem gemaB Anspruch 
11 oder 12, dadurch gekennzelchnet, daB die 
Flussigkeitshandhabungsblockeinheit umfaBt 

- eine planare Tragerplatte (85), die eine 
zweite Elastomerschicht (84) auf ihrer 
oberen Seite tragt, 

- eine Basisplatte (82), die auf der Ober- 
seite der zweiten Elastomerschicht posi- 
tioniert ist und versehen ist mit 

- einer dritten Elastomerschicht (83), die 
auf der Unterseite der Basisplatte positio- 
niert ist, 

- einer ersten Anzahi von Steigkanalen 
(98), welche der Anzahi von aufwarts of- 
fenen Kanalteilen (11A-D) entsprechen, 
sich durch die Basisplatte erstrecken und 
mit einem Ende von je ihrem jeweiligen 
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offenen Kanalteil in Verbindung stehen, 

- einer zweiten Anzahl von Steigkanalen 
(99), welche der Anzahl von aufwarts of- 
fenen Kanalen entsprechen und mit dem 
entgegengesetzten Ende von je ihrem je- 
weiligen offenen Kanalteil in Verbindung 
stehen, 

- einem Muster von KanaMen, das in der 
dritten Elastomerschicht ausgebildet ist 
und folgendes hat 

- wenigstens ein primares Volumen (89; 
122) fUr ProbenflUssigkeit, wobei das pri- 
ma re Volumen ein exakt bestimmtes Vo- 
lumen hat, 

- wenigstens einen Einlafikanal (87; 129) 
fUr ProbenflQssigkeit, 

- wenigstens einen EinlaBkanal (97; 125, 
127) fUr ElutionsflOssigkeit, 

- einen AuslaBkanal (100; 126), die der 
ProbenflUssigkeit und der ElutionsflOssig- 
keit gemeinsam ist, 

- ein Ventilmittel (103), das auf der Trager- 
platte aufgenommen ist zum Erzeugen 
gewUnschter Verbindungen mit den Ka- 
nalen des Kanalsystems. 

14. Ein optisches Sensorsystem gemaB Anspruch 

13, dadurch gekennzelchnet, daB das Kanal- 
system ein sekundares Volumen (123) fOr Pro- 
benflUssigkeit umfaBt, wobei das sekundare 
Volumen ein exakt bestimmtes Volumen hat, 
welches sich vorzugsweise von jenem des pri- 
maren Volumens unterscheidet. 

15. Ein optisches Sensorsystem gemaB Anspruch 

14, dadurch gekennzelchnet, daB die Kanal- 
systeme dupliziert sind, so daB ein System 
gefullt werden kann, wahrend ProbenflUssigkeit 
des anderen Systems analysiert wird. 

16. Ein optisches Sensorsystem gemaB Anspruch 
13 Oder 14, dadurch gekennzelchnet, daB die 
Ventile pneumatische Ventile sind, die mittels 
Durchgangsoffnungen (104) in der Tragerplatte 
(88), mittels der zweiten Elastomerschicht (84) 
uber diesen ©ffnungen. und mittels Ventilsit- 
zen in der Form von VorsprUngen (105) von 
der dritten Elastomerschicht (83) auf der Basis- 
platte (82) ausgebildet sind. 

17. Ein optisches Sensorsystem gemaB Anspruch 
13 oder 14, dadurch gekennzelchnet, daB die 
Ventile elektromagnetische Ventile sind, wel- 
che einen Draht haben, der an ihrer Armatur 
angebracht ist, wobei der Draht aus superela- 
stischem Material hergestellt ist und sich durch 
die Offnung in der TrSgerplatte erstreckt, um 
auf die zweite Elastomerschicht einzuwirken. 



18. Ein optisches Sensorsystem gema*B einem 
oder mehreren der vorhergehenden AnsprG- 
che, dadurch gekennzelchnet, daB der auf- 
warts offene Teil (11A-D) eine Lange von etwa 

5 800 um, eine Breite von etwa 300 um und 

eine H6he von etwa 30 um hat. 

19. Ein optisches Sensorsystem gemaB Anspruch 
2, gekennzelchnet durch 

10 - eine Tragerplatte (42) fUr die Sensorein- 

heit, 

- eine Offnung (44) in der Tragerplatte, 
derart, daB sie die Sensoreinheit bUndig 
aufnimmt, wobei die Einheit auf einem 

75 Flanschmittel (45) an dem unteren Ende 

der Offnung ruht, und 

- einen Griffteil (43) auf der Tragerplatte, 
der zwischen Daumen und Zeigefinger 
zu ergreifen ist. 

20 

20. Ein optisches Sensorsystem gemaB Anspruch 
19, gekennzelchnet durch ein separates Auf- 
bewahrungsgehause fUr jede Tragerplatte mit 
der darauf angebrachten Sensoreinheit, wobei 

25 das Gehause eine obere und untere Wand, 

zwei Seitenwande und eine Endwand umfaflt. 

21. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprUche 1 bis 20, dadurch ge- 

30 kennzeichnet, daB das anamorphotische 

zweite Linsensystem (6) eingerichtet ist fur 

- das Abbilden von reflektierten Strahfen 
von Licht von Oberflachenelementen in 
der Langsrichtung des Lichtstreifens, in 

35 der Form von Realbildelementen, die 

Reihen in Saulen von Photodetektoren 
entsprechen, wo jede Saule je ihrem ei- 
genen Teil der Abtastoberflache in der 
Richtung des Lichtstreifens entspricht, 

40 - das Abbilden von reflektierten Strahlen 

von Licht von Oberflachenelementen 
quer zu der Langsrichtung des Lichtstrei- 
fens, auf Bildelemente, die langs Saulen 
von Photodetektoren liegen, derart, daB 

45 gegenseitig parallele einfallende Strah- 

len, die in der Ebene des Einfalls liegen 
und quer zu der Langsrichtung des Licht- 
streifens fluchten, nach einem einzigen 
Photodetektor in einer Saule zu fokus- 

50 siert werden, so daB jeder Einfallswinkel 

des einfallenden Lichts je seinem Photo- 
detektor (61 A-G) in einer Saule ent- 
spricht, d.h. jeder Detektor in einer Saule 
entspricht einem speziellen Einfallswin- 

55 kel. 

22. Ein optisches Sensorsystem gemSB irgendei- 
nem der AnsprOche 1 bis 21, dadurch ge- 
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kennzelchnet, daB die Bestimmung des inne- 
ren Reflexionsvermflgens im VerhSltnis zu 
dem Einfallwinkel auf Oberflachenplasmonre- 
sonanz basiert 

s 

23. Ein optisches Sensorsystem gemaB Anspruch 
21 oder 22, dadurch ge kennzelchnet, daB 
das konvergente LichtbUndel die rUckwartige 
Seite des Metallfilms (37) mit Einfallwinkeln 
zwischen 62 und 78 Grad trifft. 10 

24. Ein optisches Sensorsystem gemSB irgendei- 
nem der AnsprOche 1 bis 20, gekennzelchnet 
durch 

- das zweite Linsensystem (165), welches 75 
anamorphotisch sein kann, ist eingerich- 

tet zum Sammeln von Lichtstrahlen, die 
von der Probe emittiert sind oder Licht- 
strahlen, die von Oberflachenelementen 
in der Langsrichtung des Lichtstreifens 20 
gestreut sind, auf Saulen von Photode- 
tektoren, wo jede Saule je ihrem eigenen 
Teil der Abtastoberflache in der Richtung 
des Lichtstreifens entspricht, 

- Sammeln von Lichtstrahlen von OberflS- 25 
chenelementen quer zu der Langsrich- 
tung des Lichtstreifens auf Bildelemen- 

ten, die langs Saulen von Photodetekto- 
ren liegen, derart, daB gegenseitig paral- 
lels einfallende Strahlen, die in der Ebe- 30 
ne des Einfalls liegen und quer zu der 
Langsrichtung des Lichtstreifens fluchten, 
nach einem einzigen Photodetektor in ei- 
ner Saule zu fokussiert werden, so daB 
jeder Einfallswinkel des einfallenden 35 
Lichts je seinem Photodetektor (61A-G) 
in einer Saule entspricht, d.h. jeder De- 
tektor in einer Saule entspricht einem 
speziellen Einfallswinkel. 

40 

25. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprOche 1 bis 24, dadurch ge- 
kennzelchnet, daB die Breite des Lichtstrei- 
fens, der die Abtastoberflache bestrahlt, im 
wesentlichen gleich dem Ausmafi der Abtast- 45 
oberflachen quer zu der Langsrichtung des 
Lichtstreifens ist, was dem gemaB in der opti- 
schen Erzeugung von einem integrierten Mit- 
telwert der Masse von BiomolekUlen resultiert, 
welche sich an den dielektrischen Film binden, 50 
um demgemaB eine reproduzierbare quantitati- 
ve Analyse oder alternativ eine reproduzierbare 
Analyse der relativen Menge des betrachteten 
speziellen BiomolekUls zu ermogfichen. 

55 

26. Ein optisches Sensorsystem gemaB Anspruch 
25, dadurch gekennzelchnet, daB das Aus- 
maB einer Abtastoberflache, gesehen in der 



Langsrichtung des Lichtstreifens, in einer ver- 
minderten GrdBe auf einem einzigen Photode- 
tektor abgebildet wird, was demgemaB zu der 
elektronischen Erzeugung eines integrierten 
Mittelwerts der Masse von BiomolekUlen resul- 
tiert, die sich an den dielektrischen Film bin- 
den, gesehen in der Langsrichtung des Licht- 
streifens. 

27. Ein optisches Sensorsystem gemaB Anspruch 
26, dadurch gekennzelchnet, daB das ana- 
morphotische Linsensystem zur GrSBenver- 
minderung eines Bildelements in den S-Ebe- 
nen eingerichtet ist mit einem linearen Vergro- 
Berungsgrad m = 0,56, wenn das AusmaB in 
der GrSBenordnung von etwa 300 um ist und 
ein Photodetektor Dimensionen von etwa 90 x 
90 um hat. 

28. Ein optisches Sensorsystem gemaB irgendei- 
nem der AnsprOche 1 bis 27, dadurch ge- 
kennzelchnet, daB das erste Linsenmittei (62) 
der Lichtquelle (1) ein Linsenteil (64) zum Vari- 
ieren der Breite des Lichtstreifens, welcher die 
Abtastoberflache bestrahlt, umfafit. 

29. Ein optisches Sensorsystem gemaB Anspruch 
2, dadurch gekennzelchnet, daB das Kopp- 
lungsprisma (4) in der Form eines abgestumpf- 
ten geraden Halbzylinders ist, der uber der 
Offnung in der Bodenwand des Gehauses pla- 
ziert ist. 

30. Ein optisches Sensorsystem gemaB Anspruch 
23, dadurch gekennzelchnet, daB die Licht- 
quelle (1) im wesentlichen monochromatisches 
und inkohSrentes Licht emittiert, z.B. eine lich- 
temittierende Diode in Kombination mit einem 
Interferenzfilter ist. 

31. Ein optisches Sensorsystem gemaB Anspruch 
25, dadurch gekennzelchnet, daB die Licht- 
quelle (1) im wesentlichen monochromatisches 
und koharentes Licht emittiert, z.B. durch Ver- 
wendung eines Halbleiterdiodenlasers, eines 
Farbstoff lasers oder eines Glaslasers. 

32. Ein optisches Sensorsystem gemaB Anspruch 
2, gekennzelchnet durch Positionierungsmit- 
tel (22, 23, 29, 30) zum Einstellen der Positio- 
nen des Gehauses (20), des optischen Sen- 
sors (10) und des Tragers (19) relativ zueinan- 
der. 

33. Ein optisches Sensorsystem gemaB Anspruch 
2, dadurch gekennzelchnet, daB die Opto- 
Grenzflachenplatte (9) eine transparente Platte 
(57), z.B. aus Glas, umfaBt, die auf einer ihrer 
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Seiten sich ISngs erstreckende parallels Lei- 
sten (58) trSgt, welche mlt sich ISngs erstrek- 
kenden parallelen Leisten (59) auf der entge- 
gengesetzten Seite der Platte fluchten, wobei 
diese Leisten (i) aus einem elastischen trans- s 
parenten Material hergestellt sind, (ii) durch 
Abstdnde unter sich getrennt sind, welche den 
AbstSnden zwischen den Abtastoberflachen 
(39A-D) entsprechen, (iii) von einer Lange sind, 
die wenigstens ausreichend ist, den gesamten 10 
Querschnitt des konvergenten LichtbOndels mit 
der Sensoreinheit gekoppelt zu haben, und (iv) 
dazu vorgesehen sind, gegen die transparente 
Platte der Sensoreinheit direkt gegenUber den 
Abtastoberflachen gedrUckt zu werden, um 75 
demgemaB das Licht in die Sensoreinheit (10) 
zu richten. 

34. Ein optisches Sensorsystem gemaB Anspruch 

33, dadurch gekennzeichnet, daB jede Leiste 20 
(58, 59) eine Anzahl von sich langs erstrecken- 
den abgestuften Teilen (60) an jeder Seite hat, 
so daB demgemaB eine Struktur gebildet ist, 
die im Querschnitt die Konfiguration von einer 
Flucht von Treppenstufen hat, wobei die ober- 25 
sten Stufen derselben fahig sind, elastisch ge- 
gen die Sensoreinheit und jeweils das Prisma 
(4) ohne Bildung von eingeschlossenen Luftta- 
schen gedrUckt zu werden. 

30 

35. Ein optisches Sensorsystem gemaB Anspruch 
24, dadurch gekennzeichnet, daB die Aus- 
wertungseinheit in einer solchen Art und Weise 
eingerichtet ist, daB, wenn die Masse von ge- 
bundenen spezifischen Biomolekulen berech- 35 
net wird, diese Berechnung Licht umfaflt, das 

von der Probe emittiert oder von der Abtast- 
oberflache gestreut ist, von nur einem Teilband 
der Breite von jeder Abtastoberflache, wobei 
sich das Teilband im wesentlichen entlang der 40 
gesamten Lange der Abtastoberflache er- 
streckt und zentral darin positioniert ist, wobei 
diese Operation durch Auswertung der elektri- 
schen Signale bewirkt wird, die von den Photo- 
detektoren in jener Saule erhalten werden, wel- 45 
che einem entsprechenden Teilband auf jeder 
der Abtastoberflachen entspricht. 

36. Ein optisches Sensorsystem gemaB Anspruch 

26 oder 27, dadurch gekennzeichnet, daB die 50 
Auswertungseinheit in einer solchen Art und 
Weise eingerichtet ist, dafl, wenn die Masse 
von gebundenen spezifischen BiomolekUlen 
berechnet wird, diese Berechnung reflektiertes 
Licht von nur einem schmalen Band, vorzugs- 55 
weise etwa 50 %, der Breite von jeder Abtast- 
oberflache umfaBt, wobei sich das schmale 
Band im wesentlichen entlang der gesamten 



La*nge der Abtastoberflache erstreckt und zen- 
tral darin positioniert ist, wobei diese Operation 
durch Auswertung der elektrischen Signale be- 
wirkt wird, die von den Photodetektoren in je- 
ner saule erhalten werden, welche einem ent- 
sprechenden schmalen Band auf jeder der Ab- 
tastoberflachen entspricht. 

37. Ein optisches Sensorsystem gemaB Anspruch 
36, dadurch gekennzeichnet, daB die Aus- 
wertungseinheit eingerichtet ist zum Berech- 
nen von Parametern fOr eine Oberfiachenplas- 
monresonanzkurve fOr eine Bestimmung, die 
ein Reflexionsvermogensminimum und einen 
Resonanzwinkel und die Verlagerung hiervon 
fUr jede der Strom ungszellen umfaBt, mittels 
stochastischer Kurvenermittlung aus den An- 
sprechwerten, welche von Saulendetektorteilen 
erhalten sind, die dem Resonanzwinkel ent- 
sprechen, d.h. dem Reflexionsvermogensmini- 
mum. 

3a Ein optisches Sensorsystem gemaB Anspruch 
2, dadurch gekennzeichnet, daB das Kopp- 
lungsprisma (4) in der Form eines ebenseitigen 
Prismas ist, das Uber der Offnung in der Bo- 
denwand des Gehauses plaziert ist, wobei die 
Brechungseigenschaften des ebenseitigen 
Prismas in Rechnung gezogen worden sind, 
als das erste Linsenmittel (62) zum Ausbilden 
eines konvergenten LichtbUndels, das in einer 
Keilformart zur Ausbildung eines Lichtstreifens, 
der sich quer Uber alle sensibilisierten Berei- 
che erstreckt, ausgebildet worden ist. 

39. Ein optisches Sensorsystem gemaB irgendei- 
nem der Anspruche 1 bis 38, dadurch ge- 
kennzeichnet, daB der offene Kanalteil, der an 
der Abtastoberflache liegt, die Form einer 
Wandstrahlzelle hat, fUr welche der StrahlfluB 
gegen das Zentrum einer solchen kreisformi- 
gen Abtastoberflache gerichtet ist. 

40. Ein Verfahren zum Kalibrieren einer optischen 
Sensoreinrichtung gemaB Anspruch 1 , dadurch 
gekennzeichnet, 

- daB Kalibrierungslosungen, wie Saizlo- 
sungen und/oder geeignete organische 
Losungen ohne Affinitat zu der Abtast- 
schicht, jede mit einer bekannten Bre- 
chungszahl, eine nach der anderen durch 
eine Stromungszelle gepumpt werden, 

- daB die elektrischen Signale von den De- 
tektoren der Photodetektorreihen, die je 
einer der Abtastoberflachen entsprechen, 
in einem Speicher gespeichert werden, 
und zwar fOr je eine der Kalibrierungslo- 
sungen, so daB eine be kannte Bezie- 
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hung zwischen dem Resonanzwinkel und 
der Brechungszahl in dem dielektrischen 
Film erhalten wird, 

- und daB die Ansprechungen von jedem 
der Photodetektorteile kalibriert werden. 

41. Ein Verfahren gemSB Anspruch 40. dadurch 
gekennzeichnet, 

- daB die Probenlosung Uber eine separate 
Abtastoberflache strSmengelassen wird, 
welche keine Affinitat fUr irgendein Bio- 
molekU! hat, aber auf dem Metallfilm 
Hegt, 

- da8 die elektrischen Signale, die von den 
Photodetektorreihen erhalten werden, 
welche der separaten Abtastoberflache 
ohne Affinitat entsprechen, an einer an- 
deren Stelle des Speichers gespeichert 
werden, 

- und daB die gespeicherten Signale ge- 
gendber den Signalen korrigiert werden, 
welche erhalten werden, wenn die Pro- 
benlosung langs jenen Abtastoberflachen 
stromengelassen wird, die Affinitatsei- 
genschaften besitzen, urn demgemSB 
eine Differenz zwischen den Brechungs- 
zahlen aufgrund des Vorhandenseins des 
speziellen BiomolekUls, fUr welches die 
Abtastoberflache Affinitatseigenschaften 
besitzt, zu bestimmen. 

42. Verfahren zum Korrigieren der Basisliniendrift 
in Oberflachenplasmonresonanz-Analyseproze- 
duren unter Verwendung des optischen Bio- 
sensorsystems gemaB Anspruch 1, dadurch 
gekennzeichnet, 

- daB ein vorbestimmter Temperaturein- 
stellpunkt fUr die Probenlosung herge- 
stellt wird, 

- dafi zum Erzeugen eines elektrischen Si- 
gnals, welches einen aktuellen Tempera- 
turwert der Probenlosung reprasentiert, 
elektrische Signale verwendet werden, 
welche den Resonanzwinkel reprasentie- 
ren, gemessen in einer Stromungszelle 
der Abtastoberflache, welche keine Affini- 
tat fur das spezifische BiomolekUl hat 
und durch welche eine FlUssigkeit einge- 
speist wird, welche durch die FlOssig- 
keitsstromungshandhabungseinheit ge- 
fordert wird, 

- daB die Signale von der Probenlosung 
mit Bezug auf die Temperaturstorung 
korrigiert werden, die durch die Tatsache 
bewirkt wird. daB das Thermostatmittel 
nicht in der Strdmungszelle positioniert 
ist, und 



- daB durch FOhrung von der gemessenen 
Differenz zwischen dem korrigierten Si- 
gnal und dem aktuellen Wert das Ther- 
mostatmittel nach dem Temperaturein- 

5 stellpunkt zu gesteuert bzw. geregelt 

wird. 

43. Ein Verfahren zum Messen des aktuellen 
ROckkopplungswerts der Temperatur an den 

10 StrSmungskanSlen zur Regulierung des Ther- 

mostatsystems durch OberflSchenplasmonre- 
sonanz-Analyseprozeduren unter Verwendung 
des optischen Biosensorsy stems gemSB An- 
spruch 1 , dadurch gekennzeichnet, 

15 - dafl zum Erzeugen eines elektrischen Si- 

gnals, das einen aktuellen Temperatur- 
wert der Probenlosung reprasentiert, 
elektrische Signale verwendet werden, 
welche den Resonanzwinkel reprasentie- 

20 ren, gemessen an einer Stromungszelle, 

deren Abtastoberflache in Kontakt mit 
wenigstens einem der Abdichtungsberei- 
che (80) benachbart oder zwischen dem 
Stromungskanal (den Stromungskanalen) 

25 ist, welcher Abdichtungsbereich mit ei- 

nem Dielektrikum von geeigneten Materi- 
al- und Brechungszahleigenschaften be- 
schichtet ist, urn ein Oberflachenplas- 
monresonanz-Ansprechen von dem Be- 

30 reich zu erhalten, wobei das Dielektrikum 

eine bekannte Tern peraturabhan gig keit 
seiner Brechungszahl hat, wobei Licht- 
bUndel, die in den Bereichen des Metall- 
films (37) reflektiert werden, welche Be- 

35 reichen des Films gegenuberliegen, die 

in engen optischen Kontakt mit den flUs- 
sigen Abdichtungsbereichen des Dielek- 
trikums gedruckt sind, durch das ana- 
morphotische Linsensystem (6) auf ent- 

40 sprechenden Saulen von Detektorele- 

menten abgebildet werden, und 

- daB durch Fuhrung von der gemessenen 
Differenz zwischen dem korrigierten Si- 
gnal und dem aktuellen Wert das Ther- 

45 mostatmittel nach dem Temperaturein- 

stellpunkt zu gesteuert bzw. geregelt 
wird. 
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1. Un systeme de biocapteur optique utilisant la 
determination de la reflexion interne en fonc- 
tion de Tangle d'incidence pour de*tecter une 
molecule biologique sp^cifique, par exemple 
55 un antigene, et comprenant : 

- une structure de capteur (10) se prSsen- 
tant sous la forme d'une plaque transpa- 
rente (36), une partie au moins de Tune 
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des faces de cette plaque (36) portant 
une pellicule die*lectrique que Ton a fait 
adherer sur la plaque, ou etant tout 
d'abord revenue d'une pellicule metalli- 
que (37) sur laquelle on a fait adherer 5 
une pellicule dieiectrique (38), cette pelli- 
cule dieiectrique ayant une affinite* pour 
la molecule biologique au moment ou la 
mesure est effectu^e, 

- une source de lumiere (1) avec des 10 
moyens a lentilles (62, 64) pour diriger 

un faisceau de lumiere contre interface 
de la plaque transparente (36) et de son 
revetement d'une ou de plusieurs pelli- 
cule s, cette lumiere pouvant produire au 75 
moins une onde evanescente dans une 
surface de detection de la pellicule ou 
des pellicules, lorsqu'une solution echan- 
tillon est en contact avec la pellicule di£- 
lectrique sur la plaque transparente, 20 

- une instrumention optique de projection 
d'image, avec des seconds moyens a 
lentilles (65), par laquelle la lumiere qui 
est refiechie a partir de la surface sensi- 
bilis£e de la plaque transparente (36) est 25 
projetee sur un dispositif photodetecteur, 

ou 

- une instrumention optique de projection 
d'image avec des secons moyens a len- 
tilles et des moyens a filtre optique (165) 30 
par lesquels la lumiere qui est issue de 
Techantillon, par fluorescence stimulee 

par onde evanescente (ou TIRF), ou par 
phosphorescence, ou la lumiere qui r6~ 
sulte d'une diffusion sur la surface de 35 
detection, est projetee sur un dispositif 
photodetecteur, 

- une unite* devaluation (8) pour determi- 
ner Tangle de reflectance minimal et/ou 
Tetat de polarisation, et/ou Tintensite lu- 40 
mineuse collectee, 

caracterise en ce que 

- au moins une surface de detection et de 
preference deux ou plus (39A-D) dispo- 
sers cote a cote sont definies sur la 45 
structure de capteur, 

- lorsque la mesure doit etre effectu£e, la 
surface ou les surfaces de detection 
(39A-D; 40A-D) sont pressees sur une 
partie ouverte (11A-D) d'au moins un ca- 50 
nal (14A-D) pour la solution echantillon 

qui doit etre analysee, dans le but de 
former une cellule d'ecoulement allon- 
gee, et elles affectent Tangle et/ou Tetat 
de polarisation pour la reflectance mini- 55 
male, et/ou Tintensite lumineuse codec- 
tee, auxquels Tonde evanescente intera- 
git avec Techantillon, 



- les premiers moyens a lentilles (62) tor- 
ment un faisceau de lumiere convergent 
qui est focalise en forme de coin de 
fagon a definir une raie de lumiere 
s'etendant transversalement sur toute la 
surface ou les surfaces de detection 

- le dispositif photodetecteur (61) est une 
matrice bidimensionnelle de photodetec- 
teurs individuels, 

- les seconds moyens a lentilles (65) de 
Instrumentation optique de projection 
d'image consistent en un systeme de 
lentilles anamorphotique qui est destine 
a projeter sur sa propre colonne (61A-G) 
de photodetecteurs des rayons de lumie- 
re refiechie provenant de la surface ou 
des surfaces de detection, de fagon que 
chaque surface de detection corresponde 
a un ensemble particulier de colonnes de 
photodetecteurs, ou 

- les seconds moyens a lentilles (165) de 
instrumentation optique de projection 
d'image consistent en un systeme de 
lentilles, qui peut etre anamorphotique, 
pour projeter sur sa propre colonne (61 A- 
G) de photodetecteurs des rayons de 
lumiere qui sont emis par fluorescence 
ou phosphorescence a partir de Techan- 
tillon, ou de lumiere provenant d'une dif- 
fusion sur la surface de detection, de 
fagon que chaque surface de detection 
corresponde a un ensemble particuliers 
de colonnes de photodetecteurs, 

- et T unite d*e valuation (8) est congue pour 
determiner Tangle de reflectance mini- 
maleet/ou Tetat de polarisation, et/ou Tin- 
tensite lumineuse collectee, pour cha- 
cune des surfaces de detection. 

2. Un systeme de capteur optique selon la reven- 
dication 1 , caracterise par 

- un support (19) dans lequel la partie ou 
les parties ouvertes (11A-D) du canal ou 
des canaux (14A-D) sont disposees dans 
une ou plusieurs positions fixees, 

- une enceinte (20) dans laquelle la source 
de lumiere, ('instrumentation optique de 
projection d'image, le dispositif photode- 
tecteur et un prisme de couplage (4) sont 
disposes dans des positions fixees, 

- une ouverture (21) formee dans Tencein- 
te au-dessous du prisme de couplage et 
couverte par une plaque d'interface opti- 
que (9), pour coupler la lumiere incidente 
et refiechie et/ou la lumiere diffuses ou 
emise par Techantillon, respectivement, 
vers la structure de capteur et instru- 
mentation optique de projection d'image, 
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- et des moyens de maintien (100-104) par 
lesquels la structure de capteur est fixee 
de fagon amovible au-dessous de I'ou- 
verture, 

- r enceinte 6tant destinee a etre placed 
au-dessus de la structure de capteur 
pour appliquer la plaque d'interface opti- 
que contre Tautre face de la structure de 
capteur. 



4. Un systeme de capteur optique selon la reven- 
dication 2 ou 3, caracterise* par des moyens 
thermostatiques (27) qui sont incorpores dans 
I'enceinte et dans le canal ou les canaux, dans 
le but de commander de fagon thermostatique 
respectivement chaque surface de detection et 
chaque canal. 



9. Un systeme de capteur optique selon la reven- 
dication 8, caracterise' en ce que les parties de 
canaux ouvertes vers le haut qui s'etendent 



cote a cdte sont des fentes (11A-D) qui s*6ten- 
dent a travers une premiere couche (80) 
d'elastomere ou de silicone. 

5 10. Un systeme de capteur optique selon la reven- 
dication 9, caracteYise* en ce que la premiere 
couche est constitute par du caoutchouc, de 
preference du caoutchouc aux silicones. 

11. Un systeme de capteur optique selon Tune 
quelconque des revendications 8-10, caracteri- 
se en ce que les canaux (14A-D) sont formes 
dans un bloc de manipulation de liquide (15) 
en un mateViau solide tel qu'une matiere plasti- 
que, de presence du polystyrene, un me*tal 
ou une ceramique. 

12. Un systeme de capteur optique selon Tune 
quelconque des revendications 1-11, caracteri- 

20 se* en ce que les canaux (1 4A-D) peuvent etre 

couples mutuellement en sene. 

13. Un systeme de capteur optique selon la reven- 
dication 11 ou 12, caractense* en ce que le 
bloc de manipulation de liquide comprend : 

- une plaque de support plane (85) portant 
une seconde couche d'elastomere (84) 
sur sa surface superieure, 

- une plaque de base (82) plac£e sur la 
seconde couche d'elastomere et com- 
portant 

- une troisieme couche d'elastomere (83) 
plac€e sur la face infeVieure de la plaque 
de base, 

- un premier nombre de conduits verticaux 
(88) qui correspondent au nombre de 
parties de canal ouvertes vers le haut 
(11A-D), qui s'^tendent a travers la pla- 
que de base, et qui communiquent avec 
une extr§mite* de leur partie de canal 
ouverte respective, 

- un second nombre de conduits verticaux 
(99) qui correspondent au nombre de 
canaux ouverts vers le haut, et qui com- 
muniquent avec Pextr^mite* opposed de 
leur partie de canal ouverte respective, 

- une configuration de canaux forme's dans 
ta troisieme couche d'elastomere et com- 
prenant 

- au moins un volume primaire (89; 122) 
pour du liquide d'tchantillon, ce volume 
primaire ayant un volume determine de 
fagon exacte, 

- au moins un canal d'entrte (87; 129) 
pour du liquide d'echantillon, 

- au moins un canal d'entrSe (97; 125, 
127) pour du liquide d'eMuant, 



3. Un systeme de capteur optique selon la reven- 
dication 2, caracterise* en ce que I'enceinte 
(20) est articul£e sur le support (19) au moyen 
d'un systeme de bras articules (24-25) qui 
s'^tendent a partir de chaque face laterale de 75 
Penceinte et du support, respectivement. 
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Un systeme optique selon Tune quelconque 
des revendications 1-4, caracteVise* en ce qu'au 
moins deux surfaces de d£tection( 39A-D) sont 
disposees cote a cote sur la structure de 
capteur (10). 30 

Un systeme de capteur optique selon Tune 
quelconque des revendications 1-5, caractense 
en ce que la plaque (36) de la structure de 
capteur est en verre. 35 

Un systeme de capteur optique selon Tune 
quelconque des revendications 1-6, caracteVise* 
en ce que la pellicule dielectrique (38) com- 
prend une couche de dextrane. ao 

Un systeme de capteur optique selon Tune 
quelconque des revendications 1 -7, caracterise* 
en ce qu'un ensemble de canaux (14A-D) sont 
disposes de fagon parallele et cote a cote, en 45 
ce que chaque canal comporte une partie ou- 
verte vers le haut (11A-D), en ce que ces 
parties ouvertes vers le haut, consideVees en- 
semble, sont destinees a etre couvertes par la 
structure de capteur dans la phase au cours so 
de laquelle une mesure est effectute, et en ce 
que dans cette phase de mesure. chaque sur- 
face de detection est situ£e au-dessus de sa 
propre partie ouverte vers le haut. 

55 
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- un canal de sortie (100; 126) commun 
aux liquides d'6chantillon et d'eMuant, 

- une structure de valves (103) instance 
sur la plaque de support pour £tablir des 
communications de*sir€es avec les ca- 
naux du systeme de canaux. 

14. Un systeme de capteur optique selon la reven- 
dication 13, caracteVise* en ce que le systeme 
de canaux comprend un volume secondaire 
(123) pour le liquide d'6chantillon, ce volume 
secondaire ayant un volume determine" de fa- 
con exacte qui d iff ere de preference de celui 
du volume primaire. 

15. Un systeme de capteur optique optique selon 
la revendication 14, caracteVise" en ce que les 
systemes de canaux sont duplique*s de fagon 
qu'un systeme puisse etre rempli pendant que 
du liquide d'echantillon de I'autre systeme est 
analyse*. 

16. Un systeme de capteur optique selon la reven- 
dication 13 ou 14, caracteVise en ce que les 
valves sont des valves pneumatiques qui sont 
formers par des ouvertures traversantes (104) 
dans la plaque de support (88), par la seconde 
couche d'£lastomere (84) au-dessus de ces 
ouvertures, et par des sieges de valve se 
presentant sous la forme de saillies (105) qui 
s'£tendent a parti r de la troisieme couche 
d'elastomere (83) de la plaque de base (82). 

17. Un systeme de capteur optique selon la reven- 
dication 13 ou 14, caracte>ise" en ce que les 
valves sont des valves electromagn^tiques 
ayant une aiguille fixee a leur armature, cette 
aiguille 6tant constitute par un mate>iau supe- 
r'elastique et s'etendant a travers I'ouverture 
dans ia plaque de support pour agir sur la 
seconde couche d'eMastomere. 

18. Un systeme de capteur optique selon une ou 
plusieurs des revendications pr£c4dentes, ca- 
racteVise* en ce que la partie ouverte vers le 
haut (11A-D) a une longueur d'environ 800 urn, 
une largeur d'environ 300 um et une hauteur 
d'environ 30 um. 

19. Un systeme de capteur optique selon la reven- 
dication 2, car acte* rise par 

- une plaque porteuse (42) pour la structu- 
re de capteur, 

- une ouverture (44) dans la plaque porteu- 
se. de fagon a recevoir sans jeu la struc- 
ture de capteur, de fagon que cette 
structure repose sur un rebord (45) a 
I'extr6mit6 infeVieure de I'ouverture, et 



- une partie de prehension (43) sur la pla- 
que porteuse, preVue pour §tre saisie 
entre le pouce et I'index. 

5 20. Un systeme de capteur optique selon la reven- 
dication 19, caracteVise* par un compartiment 
de rangement s^pare* pour chaque plaque por- 
teuse, avec la structure de capteur montte sur 
elle, ce compartiment comprenant des parois 

10 supeVieure et infeVieure, deux parois lateVales 

et une paroi d'extr§mite\ 

21. Un systeme de capteur optique selon Tune 
quelconque des revendications 1-20, caracteri- 

75 se par un second systeme de lentilles anamor- 

photique (6) qui est congu pour 

- projeter des rayons de lumiere refiechis 
provenant d'elements de surface dans la 
direction longitudinale de la raie de lu- 

20 miere, sous la forme d'elements d'image 

reelle correspondent a des lignes dans 
des colonnes de photodetecteurs, cha- 
que colonne correspondant a sa propre 
partie de la surface de detection dans la 

25 direction de la raie de lumiere, 

- projeter des rayons de lumiere r6fl£chis 
provenant d'elements de surface dans 
une orientation transversale a la direction 
longitudinale de la raie de lumiere, sur 

30 des pixels situes le long de colonnes de 

photodetecteurs, des rayons incidents 
mutuellement paralleles qui s'etendent 
dans le plan d'incidence et qui sont ali- 
gned transversalement a la direction lon- 

35 gitudinale de la raie de lumiere £tant 

focal is£s vers un seul photod£tecteur 
dans une colonne, de fagon qu'a chaque 
angle d'incidence de la lumiere incidente 
corresponde son photod€tecteur (61A-G) 

40 dans une colonne, c'est-a-dire que cha- 

que d^tecteur dans une colonne corres- 
pond a un angle d'incidence particulier. 

22. Un systeme de capteur optique selon I'une 
45 quelconque des revendications 1-21, caracteri- 

se en ce que la determination de la reflectance 
interne en fonction de Tangle d'incidence est 
basee sur la resonance de plasmon de surfa- 
ce. 

50 

23. Un systeme de capteur optique selon la reven- 
dication 21 ou 22, caracterise" en ce que le 
faisceau de lumiere convergent torn be sur la 
face arriere de la pellicule de metal (37) avec 

55 des angles d'incidence compris entre 62 et 78 

degrts. 
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24. Un systems de capteur optique selon Tune 
quelconque des revendications 1-20, caracteri- 
se en ce que 

- te second systems de lentilies (165), qui 
peut §tre anamorphotique, est congu 
pour collecter des rayons de lumiere 
6m\s par un gchantillon ou des rayons de 
lumiere diffuses par des elements de 
surface dans la direction longitudinale de 
la raie de lumiere, sur des colonnes de 
photodgtecteurs, chaque colonne corres- 
pondent a sa propre partie de la surface 
de detection dans la direction de la raie 
de lumiere, 

- des rayons de lumiere provenant d'elg- 
ments de surface orients transversale- 
ment a la direction longitudinale de la 
raie de lumiere, sont collected sur des 
pixels situ£s le long de colonnes de pho- 
todetecteurs, et des rayons incidents mu- 
tuellement paralleles qui s'£tendent dans 
le plan d'incidence et sont aligned trans- 
versalement a la direction longitudinale 
de la raie de lumiere, sont focalisSs vers 
un seul photodetecteur dans une colon- 
ne, de fagon qu'a chaque angle d'inci- 
dence de la lumiere incidente correspon- 
ds son photodetecteur (61A-G) dans une 
colonne, c'est-a-dire que chaque dgtec- 
teur dans une colonne correspond a un 
angle d'incidence particulier. 

25. Un systems de capteur optique selon Tune 
quelconque des revendications 1-24, caracteri- 
se en ce que la largeur de la raie de lumiere 
qui irradie les surfaces de detection est prati- 
quement egale a I'etendue des surfaces de 
detection transversalement a la direction longi- 
tudinals de la raie de lumiere, ce qui entrains 
la formation optique d'une valeur moyenne in- 
t£gre*e de la masse de molecules biologiques 
qui sont liess a la pellicule di§lectrique, pour 
permettrs ainsi une analyse quantitative repro- 
ductible, ou bien une analyse reproductible de 
la quantity relative de la molecule biologique 
particulars qui est envisages. 

26. Un systems de capteur optique selon la reven- 
dication 25, caracterise en ce que retendue 
d'uns surface de detection, observes dans la 
direction longitudinale de la raie de lumiere, 
est projet£e avec une taille requite sur un seul 
photodetecteur, ce qui entratne la formation 
eiectronique d'une valeur moyenne integrge de 
la masse de molecules biologiques qui sont 
liees a la pellicule dieiectrique, observge dans 
la direction longitudinale de la raie de lumiere. 



27. Un sy steme de capteur optique selon la reven- 
dication 26, caracteVise* en ce que le systeme 
de lentilies anamorphotique est congu pour 
effectuer une reduction de taille d'un glgment 

5 d'image dans les plans S, avec un degre* de 

grossissement lingaire m = 0,56 lorsque 
I'gtsndus prgcitgs est de I'ordre de grandeur 
de 300 um, et un photodetecteur a des dimen- 
sions d'environ 90 x 90 um. 

10 

28. Un systeme de capteur optique selon Tune 
quelconque des revendications 1-27, caractgri- 
se* en ce que les premiers moyens a lentilies 
(62) de la source de lumiere (1) comprennent 

is un glgmsnt de ientille (64) qui est destine* a 

faire varier la largeur de la raie de lumiere qui 
irradie les surfaces sensibles. 

29. Un systeme de capteur optique selon la reven- 
20 dication 2, caracterise* en ce que le prisme de 

couplage (4) se presente sous la forme d'un 
demi-cylindre droit tronqug qui est place* sur 
Pouvsrture dans la paroi infeVieure de I'encein- 
te. 

25 

30. Un systeme de capteur optique selon la reven- 
dication 23, caracterise en ce que la source de 
lumiere (1) emet de la lumiere pratiquement 
monochromatique et non cohg rente, et cette 

30 source consiste par exemple en une diode 

glsctroluminsscsnte combinge avec un fiitre a 
interferences. 

31. Un systeme de capteur optique selon la reven- 
35 dication 25, caracterise en ce que la source de 

lumiere (1) gmet de la lumiere pratiquement 
monochromatique et cohgrente, par exemple 
par ('utilisation d'un laser a diode a semicon- 
ductsurs, d'un laser a colorant ou d'un laser a 
40 gaz. 

32. Un systeme ds captsur optique selon la reven- 
dication 2, caracterise par des moyens de po- 
sitionnement (22, 23, 29, 30) pour fixer les 

45 unes par rapport aux autres les positions de 

Tenceinte (20), du capteur optique (10) et du 
support (19). 

33. Un systeme de capteur optique selon la reven- 
50 dication 2, caracterise en ce que la plaque 

d'interface optique (9) comprend une plaque 
transparente (57), par exemple en verre, por- 
tant sur I'une de ses faces des nervures paral- 
leles (58) s'etsndant en direction longitudinale, 
55 qui sont alignges avec des nervures paralleles 

(59) s'etendant en direction longitudinale sur la 
face opposes de ta plaque, ces nervures etant 
(i) constituees par un materiau transparent 
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eiastique, (ii) mutuellement espacSes de dis- 
tances qui correspondent aux distances entre 
les surfaces de detection (39A-D), (iii) d'une 
longueur au moins suffisante pour que la totali- 
ty de la section droite du faisceau de lumiere 
convergent soit coupiee a la structure de cap- 
teur, et (iv) pr^vue pour etre pressed contre la 
plaque transparente de la structure de capteur 
qui est directement face aux surfaces de de- 
tection, pour diriger ainsi la lumiere vers la 
structure de capteur (1 0). 

34. Un systeme de capteur optique selon la reven- 
dication 33, caracterise en ce que chaque ner- 
vure (58, 59) comporte un certain nombre de 
parties (60) definissant des marches qui 
s'e*tendent en direction longitudinale, de cha- 
que cote, pour former ainsi une structure ayant 
en section transversale la configuration d'un 
escalier dont les marches les plus elevens 
peuvent etre pressdes de fagon eiastique 
contre la structure de capteur et, respective- 
ment, le prisme (4), sans formation de poches 
d'air emprisonnges. 

35. Un systeme de capteur optique selon la reven- 
dication 24, caracteVise* en ce que I'unite 
devaluation est congue d'une maniere telle 
que lorsque la masse de molecules biologi- 
ques specifiques li£es est calcuiee, ce calcul 
tienne compte de la lumiere emise par l'6chan- 
tillon ou diffused par la surface de detection a 
partir d'une bande partielle seulement de la 
largeur de chaque surface de detection, cette 
bande partielle s'etendant pratiquement sur (a 
totality de la longueur de la surface de detec- 
tion et etant positionn£e de fagon centrale 
dans cette derniere, cette operation etant ef- 
fectu£e par revaluation des signaux eiectri- 
ques qui sont obtenus a partir des photodetec- 
teurs dans la colonne qui correspond a une 
bande partielle correspondante sur chacune 
des surfaces de detection. 

36. Un systeme de capteur optique selon la reven- 
dication 26 ou 27, caracterise en ce que I'unite 
devaluation est congue d'une maniere telle 
que lorsque la masse de molecules biologi- 
ques specifiques li^es est calcuiee, ce calcul 
tienne compte de la lumiere refiechie a partir 
d'une bande etroite seulement, de preference 
d'environ 50%, de la largeur de chaque surfa- 
ce de detection, cette bande etroite s'etendant 
pratiquement sur la total ite de la longueur de 
la surface de detection et etant positionnee de 
fagon centrale dans celle-ci, cette operation 
etant effectuee par revaluation de signaux 
eiectriques qui sont obtenus a partir des pho- 



todetecteurs dans la colonne qui correspond a 
une bande etroite correspondante sur chacune 
des surfaces de detection. 

5 37. Un systeme de capteur optique selon la reven- 
dication 36, caracterise en ce que I'unite 
devaluation est congue pour calculer des pa- 
rametres pour une courbe de resonance de 
plasmon de surface, pour une determination 

70 comprenant un minimum de reflectance et un 

angle de resonance et son deplacement, pour 
chacune des cellules d'ecoulement, au moyen 
d'une operation d'ajustement de courbe sur les 
valeurs de reponse qui sont obtenues a partir 

75 de detecteurs appartenant a une colonne cor- 

respondant a Tangle de resonance, c'est-a-dire 
au minimum de reflectance. 

38. Un systeme de capteur optique selon la reven- 
20 dication 2, caracterise en ce que le prisme de 

couplage (4) se presente sous la forme d'un 
prisme a faces planes place sur I'ouverture 
dans la paroi inferieure de I'enceinte, et les 
proprietes refringentes de ce prisme a faces 

25 planes ont ete prises en compte dans la 

conception des premiers moyens de lentilles 
(62), pour former un faisceau de lumiere 
convergent qui est focalise avec une forme en 
coin, pour former une raie de lumiere qui 

30 s'etend transversalement sur la totalite des zo- 

nes sensibilisees. 

39. Un systeme de capteur optique selon I'une 
quelconque des revendications 1-38, caracteri- 

35 se en ce que la partie de canal ouverte qui est 

situee sur la surface de detection se presente 
sous la forme d'une cellule a jet de paroi, pour 
laquelle recoupment sous forme de jet est 
dirige contre le centre d'une telle surface de 

40 detection circulaire. 

40. Un procede d'etalonnage d'un capteur optique 
selon la revendication 1 , caracterise en ce que 

45 - on pompe I'une apres I 'autre a travers 

une cellule d'ecoulement des solutions 
d'etalonnage telles que des solutions sa- 
lines et/ou des solutions organiques ap- 
propriees sans affinite* pour la couche de 

50 detection, ayant chacune un indice de 

refraction connu, 
- on enregistre dans une memoire les si- 
gnaux eiectriques provenant des detec- 
teurs des lignes de photodetecteurs cor- 

55 respondant a chacune des surfaces de 

detection, pour chacune des solutions 
d'etalonnage, de fagon a obtenir une re- 
lation connue entre Tangle de resonance 
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et I'indice de refraction dans la pellicule 
dieiectrique, 

- et on etalonne les r£ponses a partir de 
chacun des photodetecteurs. 

41. Un procede selon la revendication 40, caracte- 
rise en ce que : 

- on fait passer la solution echantillon sur 
une surface de defection separEe qui n'a 
aucune affinite pour une molecule biolo- 
gique quelconque, mais qui est situ£e 
sur la pellicule de metal, 

- on enregistre dans une autre Position de 
la m£moire les signaux electriques qui 
sont obtenus a partir des lignes de pho- 
todetecteurs correspondant a la surface 
de detection separee, sans affinite, 

- et on corrige les signaux enregistres, a 
partir des signaux obtenus lorsqu'on fait 
passer la solution Echantillon le long des 
surfaces de detection qui posse dent ef- 
fectivement des proprietes d'affinite, pour 
determiner ainsi une difference entre les 
indices de refraction qui est due a la 
presence de la molecule biologique parti- 
culiere pour laquelle la surface de detec- 
tion possede des proprietes d'affinite. 

42. Procede de correction de la derive de la ligne 
de base dans des procedures d'analyse par 
resonance de plasmon de surface (ou SPR) 
utilisant le systeme de biocapteur optique se- 
lon la revendication 1 , caracterise en ce que 

- on etablit un point de consigns de tem- 
perature predetermine pour la solution 
echantillon, 

- pour creer un signal eiectrique represen- 
tant une valeur de temperature resile de 
la solution echantillon, on utilise des si- 
gnaux electriques qui represented Tan- 
gle de resonance mesure dans une cellu- 
le d'ecoulement dont la surface de de- 
tection n'a aucune affinite pour la mole- 
cule biologique specifique, et a travers 
laquelle on fait passer un liquide qui est 
ache mine a travers le bloc de manipula- 
tion de liquide, 

- on corrige les signaux provenant de la 
solution echantillon, en ce qui concerne 
une perturbation de temperature qui est 
occasionnee par le fait que les moyens 
thermostatiques ne sont pas places dans 
la cellule d'ecoulement, et 

- en se guidant sur la difference mesuree 
entre le signal corrige et la valeur reelle, 
on commande les moyens thermostati- 
ques pour les rapprocher du point de 
consigne de temperature. 



43. Un procede de mesure de la valeur de retroac- 
tion reelle de la temperature dans les canaux 
d'ecoulement, pour la regulation du systeme 
thermostatique par des procedures d' analyse 
5 par resonance de plasmon de surface (ou 

SPR) utilisant le systeme de biocapteur opti- 
que selon la revendication 1 , caracterise en ce 
que 

- pour creer un signal Eiectrique reprEsen- 
io tant une valeur de temperature reelle de 

la solution echantillon, on utilise des si- 
gnaux electriques qui represented Tan- 
gle de resonance mesure dans une cellu- 
le d'ecoulement dont la surface de de- 

75 tection est en contact avec Tune au 

moins des regions d'etancheite (80) adja- 
centes au canal ou aux canaux d'ecoule- 
ment, ou se trouvant entre ceux-ci, cette 
region d'etancheite etant revetue d'un 

20 dieiectrique constitue par un materiau 

approprie et ayant des proprietes d'inci- 
de de retraction appropriees, dans le but 
d'obtenir une reponse de SPR a partir de 
cette region, Tindice de refraction de ce 

25 dieiectrique ayant une dependance 

connue vis-a-vis de la temperature, des 
faisceaux lumineux qui sont refiechis 
dans des regions de la pellicule de metal 
(37) situEes face aux regions de la pelli- 

30 cule qui sont pressEes en contact opti- 

que intime avec les regions d'etancheite 
du dieiectrique etant projetes par le sys- 
teme de lentilles anamorphotique (6) sur 
des colonnes correspondantes d'ele- 

35 ments detecteurs, et 

- en se guidant sur la difference mesuree 
entre le signal corrige et la valeur reelle, 
on commande les moyens thermostati- 
ques pour les amener vers le point de 

40 consigne de temperature. 
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